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Case history 



A 65-year-old gentleman presented to his general practitioner (GP) with a 2-month history of exertional central chest discomfort. He described it as a squeezing, vice-like 
sensation. As time had passed, the effort required to precipitate this pain had gradually reduced to the point where simply walking a few yards in a stiff breeze would 
precipitate an episode. Apart from feeling clammy, there were no other associated symptoms. Resting would relieve the discomfort which was then often followed by a ‘second 
wind’ that would allow him to finish whatever task he was performing. He had previously had unlimited effort tolerance and would normally complete a round of golf without any 
problems. There was no history of pain at rest. 

There was a history of treated hypertension and hypercholesterolaemia. He was taking ramipril (5 mg once daily) and simvastatin (40 mg nocte). There was a family history of 
coronary heart disease (CHD) in a first-degree relative. He had smoked socially for a few years in his early twenties. He drank alcohol within recommended limits and perhaps 
drank three caffeine-containing drinks per day. 

At the GP surgery, the patient was pain-free and haemodynamically stable. There was nil of note on examination and an electrocardiogram (ECG) revealed no evidence of 
acute ischaemia. The last episode of pain was reported to have occurred 24 hours prior to the consultation. The GP recommended the patient make his way to the local 
Emergency Department (ED) to be formally assessed. 

On arrival, the patient was seen by an ED doctor who took a thorough history and examination, ordered a chest X-ray (CXR), and took routine bloods, including a troponin T. 
The patient was again pain-free and an admission ECG demonstrated no acute ischaemia. The patient was referred to the medical team on-call and transferred to the Clinical 
Decisions Unit (CDU) to rule out an acute coronary syndrome (ACS). Antithrombotic therapy, however, was not commenced. 



On the CDU, observations remained essentially unchanged and routine blood tests, including troponin T, were all reported 
demonstrated clear lung fields with no evidence of focal consolidation or pneumothorax and a normal cardiothoracic ratio. 



Table 1.1 Routine blood test i 
Haematology 
Hb 14.4 g/dL 

WCC 7.85 x 10 9 /L 

Platelets 300 x io 9 /L 

INR 1.1 



and observations on the Clinical Decisions Unit 



Biochemistry 

Na 138 mmol/L 

K 4.2 mmol/L 

Urea 7.2 mmol/L 

Creatinine 138 micromol/L 

Random glucose 6.4 mmol/L 

TSH 2.3 mlU/L 

CRP <3 mg/L 

Troponin T <0.01 ng/mL 



Observations 

BP 135/88 mmHg 

O2 saturations 98% on air 

Temperature 36.5°C 

Total cholesterol 3.2 mmol/L 

LDL-C 2.1 mmol/L 

HDL-C 1.2 mmol/L 

Triglycerides 1.0 mmol/L 



as normal (Table 1.1). A postero-anterior CXR 
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The patient was assessed by the general medical registrar who deemed the patient at low risk of further adverse cardiovascular events. A repeat ECG with the patient free of 
pain again confirmed normal sinus rhythm. The doctor reassured the patient that he had not had a heart attack in light of the negative troponin and a normal resting ECG and a 
plan was made to discharge the patient back to the care of the GP with a view to a direct referral to cardiology if symptoms were to recur. No new medication was initiated. 






pert comment 



The patient should DEFINITELY have been started on aspirin, and if the admitting doctor had any real clinical suspicion of ischaemic heart disease (IHD), a beta-blocker 
as well! In addition, the patient should not have been referred back to the GP, but to a chest pain clinic for further assessment. 



'Q; Clinical tip A negative 12-hour troponin and normal resting ECG do not equate to low risk 



When assessing patients with probable cardiac chest pain, it is essential to take every facet of the history, examination, observations, and investigations into 
consideration. It is clear from the history that this patient has presented with a troponin-negative unstable angina (UA) and has at least three risk factors for the 
development of significant CHD. Ensure you document the use of established therapeutic decision-making tools such as the TIMI or GRACE risk scores. Ultimately, if 
there is any doubt, a specialist opinion should be sought. 



Learning point The Thrombolysis In Myocardial Infarction (TIMI) risk score for UA/ non-ST-elevation myocardial infarction (NSTEMI) [1] 



Patients admitted with cardiac-sounding chest pain present with a spectrum of risk of death and subsequent ischaemic cardiac events. Previous attempts to establish a 
gradient of risk amongst this cohort of patients tended to locus primarily on one or two variables such as elevated serum cardiac markers a the presence or absence of 
ECG changes. The TIMI risk score, however, utilizes seven independent variables which, if present, serve to indicate the severity of risk and, therefore, the degree of 
urgency with which intervention should be instigated. The test cohort tor development of this risk assessment tool came from the 1 ,957 patients assigned to receive 
unfractionated heparin (UFH) in the TIMI 1 1 B trial [2], The risk score was then validated using the enoxaparin arm of TIMI 1 1 B (n = 1,953) and both the UFH and 
enoxaparin arms of the ESSENCE trial (n = 3,171) [3], 

The seven variables are as follows and each is assigned a single point: 

• Age >65 years; 

• >3 risk factors for coronary artery disease (CAD) (i.e. diabetes mellitus, hypertension, hyperlipidaemia, current smoker, and family history of CAD); 

• Known CAD (significant coronary stenosis >50% on previous angiography); 

• Aspirin use within the last seven days; 

• Severe anginal symptoms (e.g. >2 anginal events in the last 24 hours); 

• ST deviation >0.5 mm on ECG; 

• Elevated serum cardiac markers. 

The percentage risk of the primary endpoint (all-cause mortality, myocardial infarction (Ml), or urgent revascularization) occurring by 14 days in the UFH test cohort of the 
TIMI 1 1 B trial according to the accumulated TIMI risk score was as follows: 

Risk score Death or Ml (%) Death, Ml, or urgent revascularization (%) 

0/1 points 3 5 

2 points 3 8 

3 points 5 13 

4 points 7 20 

5 points 12 26 

6/7 points 19 41 

The patient in this case scored two points at initial presentation and, therefore, was certainly at an increased risk of deleterious cardiac events if no therapeutic intervention 
was instigated. Of note, a meta-analysis of the TIMI 1 1 B and ESSENCE trials demonstrated the superior efficacy of enoxaparin over UFH in UA/NSTEMI, giving rise to a 
20% lower risk of death and major adverse cardiovascular and cerebrovascular events (MACCE) with similar rates of bleeding between the two strategies [4], 



Learning point The Global Registry of Acute Coronary Events (GRACE) risk score for ACS [5] 



Unlike the 7-point TIMI risk score, the GRACE model covers the entire spectrum of ACS, from UA through to ST-elevation myocardial infarction (STEMI), and can be used 
to predict both in-hospital and 6-month mortality. It also takes into account patients with comorbidities such as renal dysfunction and heart failure at acute presentation. It 
has been derived from a multinational registry of ACS patients from 94 hospitals in 14 different countries that enrolled a total of 13,708 patients in a 2-year period between 
1 April 1999 and 31 March 2001. 

The authors identified eight parameters that could be used to predict clinical outcome and, therefore, aid the therapeutic decision-making process: 

• Age; 
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• Heart rate; 






Landmark trial ESSENCE trial [3] 



• Enoxaparin (n = 1,607) vs UFH (n = 1,564) in 3,171 UA/NSTEMI patients; 

• Randomized, double-blind, double-dummy, parallel group design; 

• Enoxaparin 1 mg/kg bd plus UFH placebo or UFH 5,000 U IV bolus, then continuous infusion plus enoxaparin placebo for >48 hours and £8 days; 

• Risk of death, Ml, or recurrent angina significantly lower in enoxaparin arm at 14 and 30 days; 

• Need for revascularization also significantly lower in enoxaparin arm at 30 days; 
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I • Findings in favour of enoxaparin extended to one year. 





In light of the positive stress test, the decision was made to proceed to coronary angiography with a view to performing percutaneous coronary intervention (PCI), if indicated, 
the next day. Bisoprolol (2.5 mg od) was commenced at this point. 

A coronary angiogram was conducted via the right femoral artery. It revealed severe 3-vessel CAD. The left main coronary artery (LMCA) was normal. The let anterior 
descending (LAD) artery had a 95% proximal stenosis involving the ostium of the first diagonal artery which itself had an 80% proximal lesion. The let circumflex (LCx) artery 
was a large, dominant vessel with a 90% proximal stenosis and a proximally occluded first obtuse marginal (OM1) branch which appeared to be serving a wide myocardial 
territory. The right coronary artery (RCA) was small, recessive, and subtotally occluded in its proximal segment. Subsequent let ventriculogram confirmed good systolic 
function with no evidence of mitral incompetence (Figure 1.2). 
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Figure 1 .2 

Coronary angiogram images confirming multivessel coronary artery disease. 



There were lesions amenable to PCI: the proximal LAD stenosis, for instance, and an attempt could be made at opening the proximally occluded OM1 vessel. The RCA would 
be too narrow to attempt stent insertion. The patient, however, was relatively young, had little in the way of limiting comorbidity, had preserved left ventricular systolic function, 
and normal renal function on a background of severe 3-vessel CAD. Hence, the opinion of a cardiac surgeon was sought. 

The cardiac surgeon on-call accepted that the patient was a valid candidate for coronary artery bypass grafting (CABG), but also suggested that PCI would be a reasonable 
alternative. Quoting the medical literature, he stated there was little difference in overall mortality between CABG and PCI in patients of this age with preserved left ventricular 
function and no history of diabetes. He also felt that the patient's preferred revascularization strategy should be taken into consideration. Since the patient was still on the table 
and had a femoral sheath in situ, it was deemed inappropriate to make any definitive decisions there and then. The situation was explained to the patient and the femoral 
sheath removed with haemostasis achieved through manual pressure. A vascular closure device was not instituted since recannulation of the right femoral artery may have 
been required if PCI was the chosen strategy. 



0 Clinical tip Essential preoperative tick boxes prior to CABG surgery 



• Ensure irreversible P2Y 12 antagonists (i.e. clopidogrel, ticlopidine or, more latterly, prasugrel) are stopped at least five days prior to CABG surgery; 

• Look for abnormal dentition and refer appropriately; 

• Organize ultrasound carotid Dopplers to ensure no evidence of significant stenoses; 

• Arrange foil lung spirometry; and 

• Ensure up-to-date blood tests are performed, including a full blood count, urea and electrolytes, and a fell clotting screen. 




I would also stop the angiotensin-converting enzyme (ACE) inhibitor; cardiac surgeons like to have all vasoactive medications stopped prior to surgery. 



The patient was discharged to the ward armed with British Heart Foundation brochures detailing the pros and cons of both PCI and CABG. The weekly multidisciplinary 
meeting was later convened and the case discussed amongst cardiac surgeons, interventional, and non-interventional cardiologists. A consensus decision for CABG surgery 
as the best revascularization strategy for the patient was made. The patient was also in agreement with this decision, having had the time and information provided by 
cardiothoracic and cardiac specialist nursing staff to discuss the matter folly with his family. 

Maintenance dose clopidogrel was stopped and the patient proceeded to semi-urgent inpatient CABG surgery a week later. He received saphenous vein grafts to his distal 
RCA and OM1 and a left internal mammary artery graft to his LAD. He made an uneventful recovery and was home within six days post-operatively. 

Discussion 

This case highlights an all too familiar treatment dilemma posed to both clinician and patient when faced with symptomatic CAD amenable to both PCI and CABG surgery. 
Each has been shown to be an effective and a safe revascularization strategy for multivessel disease (MVD). In recent times, however, there has been a dramatic upsurge in 
the volume and scope of PCI procedures and alongside this, a concurrent plateau in CABG numbers which have remained relatively constant since 1997 in the United 
Kingdom (UK); indeed in 2008, over 80,000 PCI were undertaken in comparison to approximately 25,000 isolated CABG procedures [8]. This disparity must take into 
account those patients with 1- or 2-vessel CAD, predominantly discrete de novo lesions not involving the LMCA, for which PCI is often the preferred method of 
revascularization. There is less clinical risk with PCI, a comparatively shorter hospital stay, and good evidence that it reduces angina burden and myocardial ischaemia in this 
patient cohort [9], In contrast, patients with significantly impaired left ventricular function found to have either LMCA or triple-vessel disease tend to do better with CABG when 
compared with medical therapy [10,11], It is over those patients that sit between these two extremes and for whom either revascularization option is technically feasible that the 
debate continues as to which strategy is ‘better 1 . 

There have been numerous randomized controlled trials (RCT) specifically designed to answer this question. They have tended to enrol, however, a highly selective MVD 
patient cohort which may not be representative of the general CAD population. For instance, of the 8,826 patients screened in 15 RCT of PCI (balloon angioplasty and/or bare- 
metal coronary stenting) vs CABG for MVD (ERACI, EAST, GABI, CABRI, MASS, BARI, SIMA, LAUSANNE, RITA, TOULOUSE, AWESOME, ERACI II, ARTS, SOS, and 
MASS II), only 5% went on to be randomized to either revascularization strategy [12], All had ejection fractions greater than 50% and only 35% had documented triple-vessel 
disease, thus nullifying the perceived benefit of CABG in higher-risk groups (i.e. diabetics, significantly impaired left ventricular (LV) function, and triple-vessel CAD). 

Some may argue this screening process is a true reflection of the gradation in the extent of CAD and LV function in the CHD population at large and that only with RCTs do you 
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negate selection bias and potential confounders through the workings of independent core laboratories, clinical events committees, and data safety monitoring boards. On the 
other hand, it is essential that we do not and, therefore, cannot apply these results to those who may have less or more extensive CAD. 

The early RCTs of CABG vs PCI were conducted in the pre-stent era when plain old balloon angioplasty (POBA) was the single percutaneous mode of coronary 
revascularization available (see RITA 1 and BARI trials). A meta-analysis of 13 RCTs of CABG vs PCI by Hoffman et al. [17], including the RITA 1 and BARI trials, 
demonstrated a small 1.9% absolute survival advantage favouring CABG for all trials at five years (p<0.02), but not at one, three, or eight years. Four of the trials (SIMA, 
ERACI II, ARTS, and SOS) used stents as their initial mode of PCI. The trend favouring CABG for survival at three years in the POBA trials was no longer evident in the stent 
era. The positive impact of coronary stenting was also revealed in the need for subsequent revascularizations which had halved from a 34% risk difference for POBA against 
CABG to 15% in trials using stents at 3-year follow-up. Furthermore, stents gave rise to a significant decrease in non-fatal Ml compared to CABG at three years. CABG was 
shewn to significantly reduce the incidence of angina at 1- and 3-year intervals, but this difference had converged by five years and was no longer statistically significant. 
Again approximately two thirds of all patients enrolled in these RCT had double-vessel disease and all had ejection fractions within the normal range. Those high-risk 
individuals (i.e. triple-vessel disease with LV systolic dysfunction and diabetics) were excluded from these trials, thus perhaps creating an environment in which PCI could 
achieve relative parity with CABG in terms of survival. 




A more recent meta-analysis of 23 RCTs by Bravata et al. published in 2007 looked at 5,019 patients randomly assigned to PCI and 4,944 to CABG. Trials included both 
POBA and coronary stenting vs standard and/a minimally invasive forms of CABG [18]. It should be remembered that as PCI has improved, CABG techniques and 
outcomes have also evolved overtime. Contemporary CABG can be performed off-pump and via minimally invasive keyhole techniques which obviate the need tor median 
sternotomy. Enhanced myocardial preservation, increasing use of arterial conduits, and improvements in post-operative care have all helped to reduce morbidity, mortality, and 
incidence of graft occlusion. There was no significant difference in survival between the two revascularization modalities at 1 0-year follcw-up. As demonstrated previously, the 
rate of subsequent revascularizations was significantly greater with PCI, although this did improve in the stent trials. CABG also conferred an improved angina burden. 
Interestingly, and not eluded to by the meta-analysis from Hoffman et al., procedure-related strokes were significantly mere common after CABG. Furthermore, in the six trials 
(AWESOME, BARI, EAST, EFiACI II, MASS II, and RITA) that reported outcome data on a diabetic subgroup, CABG did not confer an overall survival advantage over PCI. 

This is in contrast to the individual BARI trial findings [15,16], which have been the cause of much debate and have ultimately led to the initiation of ongoing RCTs comparing 
CABG to PCI in diabetics. 

Diabetic patients tend to be associated with smaller vessel calibre, greater plaque burden, longer lesion lengths, and possibly a different restenotic cascade when compared 
to non-diabetic patients. This makes them more prone to atherothrombosis and a greater need for repeat revascularization. 

The CARDia trial was the first randomized trial of coronary revascularization in 510 diabetic patients with either MVD or complex single-vessel disease. Individuals received 
either PCI (29% bare-metal stents (BMS)and71% drug-eluting stents (DES)) or on- a off-pump CABG [19]. The purpose of the study was to demonstrate that PCI was non- 
inferior to CABG in this patient subset. The trial was stopped early due to slow enrolment and as such, the event rates used for sample size calculations could not be 
achieved. Nevertheless, the incidence of the primary endpoint of death, non-fatal Ml, and non-fatal stroke at one year was similar for both strategies although non-inferiority could 
not be proven. There was again a significant reduction in the incidence of repeat revascularization for those having had CABG. As intimated by the Bravata meta-analysis, 
however, there was a trend towards a greater stroke incidence with CABG. Longer-term follow-up to assess the durability of these data is eageriy anticipated as are data from 
the much larger FREEDOM RCT which is again looking at coronary revascularization in diabetics. 

Similar long-term survival rates following PCI and CABG demonstrated by the RCTs analyzed by Bravata et al. are in contrast to the data collected from many large-scale 
clinical registries. Registry data are observational, non-randomized, and prone to significant selection bias and as such, cannot be as reliable as RCT data. Some may argue, 
however, that an observational approach reflects a more 'real-worid' viewpoint of clinical practice and should be considered a supportive adjunct to RCT data. Fa instance, 
Hannan et al. looked at 37,212 individuals with MVD undergoing CABG against 22,102 MVD patients receiving PCI (with stenting) during a 3-year period between 1 January 
1997 and 31 December 2000 in New Yak State [20], The authors reported a significantly improved ‘risk-adjusted' survival rate fa those having had CABG in all of the 
anatomical subgroups studied along with, as expected, a much higher repeated revascularization rate for patients having had PCI as their index procedure. These results, 
however, should be taken with a note of caution. Risk adjustment had to be performed since the patient cohorts contained a number of differences that would have made 
subsequent comparisons non-robust and highly questionable. Indeed the unadjusted hazard ratios showed no difference in outcome, irrespective of the number of diseased 
vessels treated a involvement of the LAD artery, the revascularization modalities only diverging once hazard ratios were ‘adjusted’ to attempt to equalize differences between 
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the groups [21]. Furthermore, closer inspection of such registries only confirm what we already know: most patients with single-vessel disease on the whole receive PCI and 
most patients with triple-vessel disease receive CABG [18]. It is the patients with coronary disease intermediate to these extremes that have been enrolled by the RCTs and 
interestingly enough, the clinical registries analyzed by Bravata et al. have also shewn similar outcomes between CABG and PCI in this patient subset. 

The introduction of DES has led to a significant reduction in the need for repeat revascularizations after PCI. Coronary stenting causes significant local trauma to the vessel wall 
and exposure of the sub-endothelium, thereby increasing the risk of thrombotic and occlusive complications. Exposure of the stent struts can stimulate further platelet 
activation, aggregation, and adherence to a non-endothelialized vessel wall. PCI can also potentiate the release of vasoactive agents from the platelet-rich thrombus, thus 
adding to the pro-thrombotic milieu already present. The two potential clinical sequelae that reduce best outcomes after stenting are in-stent restenosis (ISR) secondary to 
intimal hyperplasia and stent thrombosis due to the processes described above. Much of the literature suggests that an intact and tunctionally viable endothelium is not only 
non-thrombogenic, but also prevents the smooth muscle cell proliferation that leads to the late luminal loss and addtional deleterious effects caused by intimal hyperplasia, 
hence the trial-driven clinical success of DES which reduces restenosis by inhibiting smooth muscle proliferation. Although these refinements in PCI technique have reduced 
the need for repeat revascularization, they have not, nor do they claim to, reduce the rate of mortality or Ml. 

The ERACI III registry was a multicentre, prospective, non-randomized, open-labelled study designed to evaluate outcomes in patients with MVD who received DES [22], The 
aim was to compare outcomes with the BMS and CABG arms of the ERACI II trial which had previously demonstrated no survival benefits from either strategy, although 
patients initially treated by CABG had greater freedom from repeat revascularization and major adverse cardiovascular and cerebrovascular events (MACCE) at 5-year follow- 
up [23]. At one year ERACI lll-DES patients were shewn to have greater freedom from MACCE compared to EFtACI ll-CABG and EFtACI ll-BMS patients as a consequence of 
a reduced incidence of death and anterior Ml and a lower rate of target vessel revascularization (TVR), respectively. By three years, however, MACCE rates had converged 
between the DES and CABG arms, signifying a trend towards increased late death and non-fatal Ml in addition to a greater late requirement for TVR in DES patients. The 
incidence of MACCE at three years remained lower in the DES cohort compared with EFtACI ll-BMS individuals, primarily as a result of a sustained avoidance of the need for 
repeat TVR. Pertinently, MACCE rates in diabetic ERACI lll-DES patients were significantly lower compared to BMS patients and similar to those of CABG patients, the rate of 
TVR being the predominant differentiator. 

The ARTS II trial utilized a similar format to that of ERACI III by comparing 607 patients who underwent multivessel PCI using sirdimus-eluting stents with the BMS and CABG 
arms of the ARTS I trial as a historical control [24,25], At one year, the primary composite endpoint of MACCE (death, stroke, non-fatal Ml, and TVR) in ARTS ll-DES patients 
was similar to the ARTS l-CABG arm and significantly better than the ARTS l-BMS cohort. CABG surgery continued to afford greater freedom from the need tor TVR compared 
to coronary stenting as a whole [24], After three years, MACCE rates in non-diabetic patients in ARTS II continued to mirror those of ARTS l-CABG and were vastly superior to 
ARTS l-PCI patients. Of note, ARTS II patients were at significantly lower risk of death, Ml, and stroke when compared to both ARTS l-CABG and ARTS l-PCI individuals. In 
diabetics, MACCE rates for ARTS II were better than those for ARTS l-BMS, but worse than for ARTS l-CABG, the difference being primarily driven by a substantially greater 
need for repeat revascularization following PCI in general. The use of DES did, however, result in a 44% decrease in the need for repeat revascularization compared to BMS 
[26]. 

Ultimately, however, both ERACI III and ARTS II were non-randomized, prospectively collected registries and as such, all treatment arms were not enrolled concurrently. There 
was also a time lag between the trials during which both PCI and CABG techniques had been refined and concomitant medical therapy, either given peri- procedurally or at 
discharge, not only varied between trials, but had also improved and were given more rigorously in later years. These limitations led to the initiation of the SYNTAX RCT (see 
below) which sought to demonstrate non-inferiority of PCI with DES to CABG in patients with triple-vessel or LMCA disease. 

The 2-year results from the SYNTAX trial were presented at the European Society of Cardiology Congress in 2009. MACCE rates remained significantly higher in the PCI arm, 
again primarily driven by a greater need for repeat revascularization. Stroke rates remained higher for CABG, but appeared to be a carryover from the first 12 months. The 
harder endpoint of death/M I/stroke continued to remain the same between the two modalities. 



Landmark trial The Synergy between Percutaneous Coronary Intervention with Taxus and Cardiac Surgery (SYNTAX) trial [27] 



• 1,800 patients with triple-vessel or LMCA disease randomized to CABG or PCI with Taxus DES; 

• 'All-comers’ design with consecutive enrolment of all eligible patients at 85 sites in 17 countries; 

• Both a local cardiac surgeon and interventional cardiologist had to agree that an enrolled patient could achieve equivalent anatomical revascularization with either 
CABG or PCI; 

• Utilized the SYNTAX score algorithm to grade the complexity of CAD requiring revascularization [28]; 

• Primary endpoint was composite of MACCE (i.e. all-cause mortality, stroke, Ml, or repeat revascularization); 

• At 12 months, significantly lower MACCE tor CABG over PCI (12.4% vs 17.8%, p = 0.002); 

• Repeat revascularization again as the predominant differentiator (PCI 13.5% vs CABG 5.9%, p < 0.001); 

• Stroke rate significantly higher in the CABG group (2.2% vs 0.6%, p = 0.003); 

• Combined rates of death, stroke, or Ml were similar between the groups; 

• Therefore, the non-inferiority of PCI compared to CABG in patients with severe MVD was not proven at 12 months. 



The 3-year SYNTAX results were first presented at the European Association of Cardiothoracic Surgery Annual Meeting in 2010. Again, MACCE rates remained lower in the 
CABG arm, driven predominantly by a persistently higher rate of revascularization procedures in the PCI arm (Table. 1 .2). Again, however, there was no statistical difference 
between the two cohorts in terms of the hard composite endpoint of all-cause death/stroke/MI. 
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Table 1 .2 Cumulative event rates to three years from the SYNTAX trial 

PCI arm (%) p value 



MACCE 20.2 

Death, stroke, Ml 12.0 

All-cause death 6.7 

Stroke 3.4 



28.0 <0.001 

14.1 0.21 

8.6 0.13 

2.0 0.07 

7.1 0.002 
<0.001 

years was the demarcation of i 



Ml 3.6 

Repeat revascularization 10.7 19.7 

The most interesting result to note from SYNTAX at three 



i rates by the baseline SYNTAX score: 



• Lowest-risk patients (SYNTAX score 0-22): MACCE rates were very similar between the two treatment modalities. 

• Intermediate-risk patients (SYNTAX score 23-32): the 2-year results indicated a trend toward improved outcomes with CABG, but with no statistical significance. The 3- 
year results have demonstrated a continuing separation of the event curves (DES 27.4% vs CABG 18.9%) such that statistical significance (p □ 0.02) has been reached. 

• Highest-risk patients (SYNTAX score >33): this cohort represents those individuals with the most complex disease and SYNTAX clearly demonstrates CABG to be the 

In conclusion, therefore, the 3-year SYNTAX results suggest PCI or CABG can only be considered a reasonable therapeutic option in those patients at Icwest risk by SYNTAX 
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Case history 

A 56-year-old Caucasian gentleman presented to his primary care physician with a 10-week history of exertional symptoms typical of angina. There was a previous history of 
treated hypertension and dyslipidaemia but, by his own admission, the patient was pooriy compliant with taking his ramipril and simvastatin. He was a lifelong smoker and 
had a history of ischaemic heart disease in a first-degree relative. The amount of exertion required to provoke retrosternal chest pain and breathlessness had diminished over 
this time period to the point where the patient could no longer climb the stairs at work and was forced to use the elevator over the preceding two weeks. On examination, the 
patient was pain-free and haemodynamically stable. An electrocardiogram (ECG) revealed sinus rhythm and no acute ischaemia. The doctor confirmed the possibility of 
myocardial ischaemia and referred the patient on to the local Rapid Access Chest Pain clinic (RACPC) for further assessment. The doctor also prescribed aspirin 75 mg once 
daily (od) and a sublingual glyceryl trinitrate (GTN) spray to help alleviate any recurrent exacerbations of angina. 

At the RACPC, a detailed history and examination were conducted prior to the patient performing an exercise tolerance test (ETT). Within five minutes (i.e. stage 2) of a Bruce 
protocol, the patient became acutely dyspnoeic and complained of mild central chest heaviness. There was a concomitant fall in blood pressure from 150/90 mmHg (pre- 
exercise) to 110/70 mmHg along with anteroseptal ST-segment depression on the ECG (refer to ETT Learning point in Case 1). The ETT was stopped and deemed to be 
strongly positive for myocardial ischaemia at low-to-medium workload. In recovery, the patient's symptoms rapidly resolved with rest and two puffs of sublingual GTN. The 
patient confirmed these symptoms to be identical to those he had had in the last ten weeks. The ECG normalized and the patient was discharged home with a view to an urgent 
outpatient coronary angiogram within a few days. A beta-blocker (bisoprolol 2.5 mg od) was added to the patient's drug regimen and he was strongly advised to stop smoking 
and remain compliant with his medication. The patient was also told to either contact the Cardiology department, his primary care physician, a the paramedics should his 
symptoms recur or fail to settle with GTN spray. 

Prior to coronary angiography, the patient was pre-loaded with clopidogrel 600 mg and was consented for percutaneous coronary intervention (PCI) if an appropriate and 
treatable lesion was found. The procedure was conducted via the right radial artery and revealed a subtofally occluded left anterior descending (LAD) artery secondary to a 
critical 95% proximal stenosis, but otherwise normal coronary vessels. Left ventricular function was found to be normal. The interventionist relayed the findings and, with the 
patient's consent, proceeded to PCI of the proximal LAD with unfractionated heparin (UFH) cover according to the activated clotting time (ACT). A 3.0 x 18 mm drug-eluting 
stent (DES) was deployed following pre-dilatation with serial inflations of a 2.5 x 12 mm balloon. Post-procedural balloon dilatation to ensure good stent apposition was 
undertaken. There were no periprocedural complications and Thrombolysis in Myocardial Infection (TIMI) myocardial perfusion grade 3 flow was restored to the LAD artery. 
Residual stenosis was less than 10% of the vessel diameter. 



Qi Clinical tip TIMI grade flow definitions 

The TIMI grade flow is an easily accessible and widely adopted scoring system which refers to the degree of coronary blood flow seen during coronary angiography. 

• TIMI 0 flow (no perfusion): absence of any antegrade flow beyond a coronary occlusion; 

• TIMI 1 flow (penetration without perfusion): faint antegrade coronary flow beyond the occlusion, with incomplete filling of the distal coronary bed; 

• TIMI 2 flow (partial reperfusion): delayed or sluggish antegrade flew with complete filling of the distal territory; 

• TIMI 3 flew (complete perfusion): normal flew which fills the distal coronary bed completely. 



Expert comment 




If this initial reaction were due to the clopidogrel, it is starting very early after taking the medication. Even so and in the absence of any other oaus 
the interventionist to a problem with this drug. 


>e, it should have alerted | 
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The patent was transferred back to the ward and commenced on regular clopidogrel (75 mg od) alongside his aspirin, bisoprdd, ramipril, simvastatn, and GTN. He was 
asked to take clopidogrel for 12 months and was advised not to stop it under any circumstances unless prior discussion with his interventonist had taken place. 

Within three hours post-procedure, the patent complained of a warm and itchy forehead. The Cardiology Fellow was called at which point an examinafon revealed nothing 
untoward. All observafons were normal as was a troponin T and repeat ECG that shewed no acute ischaemia. The patent was discharged home later that evening. 



Learning point The evolution of dual antiplatelet therapy 



The central role of platelets in the propagafon of intracoronary thrombi has made antiplatelet therapy central to the management of atherothrombotc cardiovascular disease. 
Over the last two decades, aspirin has become the cornerstone of antiplatelet therapy [1]. Its antithrombotic action is mediated through the irreversible acetylation of 
cyclooxygenase (COX) enzymes secreted by activated platelets. As such, COX-mediated thromboxane-A 2 (TXA 2 ) synthesis from arachidonic acid (AA) release, 
following phospholipase A 2 activation, is inhibited for the entire lifespan of the platelet (approximately 120 days). TXA 2 induces platelet aggregation and vasoconstriction. 
Landmark trials have established the efficacy of aspirin in the prevention of arteriosclerotic vascular disease and have also shown it to reduce the frequency of ischaemic 
complications after PCI [2,3]. Despite the proven benefits of aspirin, a significant proportion of patients continued to suffer major adverse cardiovascular and 
cerebrovascular events (MACCE) whilst on therapy. More potent antiplatelet agents, ticlopidine and clopidogrel, which are structurally related thienopyridines with platelet 
inhibitory properties, were therefore developed. 

Both agents are rapidly absorbed prodrugs that require hepatic transformation to an active metabolite by the cytochrome P450 enzyme system to acquire their antiplatelet 
activity. They exert their action by irreversibly inhibiting adenosine diphosphate (ADP) binding to the P2 Yi 2 receptor on the platelet surface. This receptor is central to the 
amplification of the aggregatory pathways stimulated by all known platelet agonists, including collagen, thrombin, immune complexes, TXA 2 , adrenaline, and serotonin, 
and is therefore pivotal in stabilizing and propagating the growth of the platelet-rich intraluminal thrombus. By blocking this receptor, the thienopyridines interfere with 
platelet activation, degranulation, and aggregation. 

Ticlopidine, the first thienopyridine to be developed, given as a twice-daily dose of 250 mg, has been shewn to be just as effective as aspirin and significantly superior to 
placebo for the secondary prevention of ischaemic events in patients at high atherothrombotic risk [4], There is, however, a clear rationale for combining aspirin with a 
thienopyridine since they work via complementary mechanisms and have the potential to provide synergistic inhibition of the platelet aggregatory pathway, hence the 
evolution of dual antiplatelet therapy (DAPT). The association of ticlopidine with hyperchdesterdaemia and, more seriously, adverse haematdogioal effects such as 
neutropaenia, thrombocytopaenia, aplastic anaemia, and thrombotic thrombocytopaenic purpura (TTP) along with its relative expense means that its use is now reserved 
primarily for those who are found to be allergic to clopidogrel. 

Clopidogrel is now well established as the current thienopyridine of chdce, used in combination with low-dose aspirin, as DAPT to prevent the deleterious effects of stent 
thrombosis in the coronary stenting era and for the secondary prevention of ischaemic vascular sequelae in high-risk individuals fdlowing an acute coronary syndrome 
(ACS). It is a prodmg that requires two cytochrome P450 -dependent oxidative steps during its hepatic metabdism to produce its active mdety. The superior tolerability of 
clopidogrel when compared to ticlopidine was first established by the CLASSICS trial [5], Subsequently, due to its adverse side effect profile and slower onset of action, 
ticlopidine use fell dramatically and was replaced by the much safer, equally effective and, when a loading dose was given, significantly faster-acting clopidogrel. Since 
then, landmark trials have established an undoubted benefit of clopidogrel alone or in combination with aspirin in the context of arteriosclerotic vascular disease, ACS, and 
prdonged DAPT fdlowing PCI (see Table 2.1) [6-13]. 
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Table 2.1 Landmark clopidogrel trials in atherothrombotic vascular disease 



Study Patients Clinical 

(year) (n) presentation 



CAPRIE 19,185 

(1996) 

CURE 12,562 

(2001) 



PCI- 2,658 

CURE 
(2001) 

CREDO 2,116 

(2002) 



CLARITY- 3,491 

TIM I 28 

(2005) 



COMMIT/ 45,852 

CCS-2 

(2005) 



Recent Ml, CVA, or 
PAD 

ACS 



ACS on PCI 



Elective PCI or at 
high likelihood to 
undergo PCI 

Acute STEM I 
C<12 h) 

Thrombolysis ± 
heparin 

Suspected acute 
Ml; 54% 
thrombdyzed + 
heparin 



Treatment arms 



Clopidogrel 75 mg od vs ASA 
325 mg od 

Clopidogrel 300 mg bolus, 75 mg 
od + ASA 75-325 mg od vs 
placebo + ASA 75-325 mg od 

Clopidogrel 300 mg bolus, 75 mg 
od + ASA 75-325 mg od vs 
placebo + ASA 75-325 mg od 



Mean Primary endpoint 

follow- 

up 

1.9 y Ischaemic stroke, Ml, 

vascular death 

9 mo CV death, non-fatal Ml, 

CVA 



8 mo CV death, Ml, urgent 

target vessel 
revascularization 



ER (%) RRR p 

(%) 

Rx* * Ctrlt 

5.32 5.83 8.7 0.043 

9.3 11.4 20.0 <0.001 

4.5 6.4 30.0 0.03 



Clopidogrel 300 mg bolus, 75 mg 1 y 
od + ASA 325 mg od vs placebo 
+ ASA 325 mg od 

Clopidogrel 300 mg bolus, 75 mg 3.5 d 
od + ASA vs placebo + ASA 



Death, Ml, CVA 8.4 11.5 26.9 0.02 



Occluded infarct-related 14.9 21.7 30.9 <0.001 

artery, death, Ml prior to 

angiography 



Clopidogrel 75 mg od + ASA 162 
mg od vs placebo + ASA 162 mg 



Death, reinfarction, CVA 9.2 10.1 



0.002 



* Clopidogrel arm; 



t Aspirin ± placebo arm; 

ER: event rate; 

RRR: relative risk reduction; 
CVA: cerebrovascular accident; 
PAD: peripheral arterial disease; 



ASA: aspirin. 



Landmark trial CLASSICS trial [5] 



• Confirmed the superior tolerability of clopidogrel (plus aspirin) to that of tiolopidine (plus aspirin); 

• 1 ,020 patients randomized to three different 28-day antiplatelet regimens following coronary stenting; 

• 300 mg clopidogrel and 325 mg aspirin on day 1, fdlcwed by clopidogrel 75 mg od and aspirin 325 mg od; or 

• Clopidogrel 75 mg od and aspirin 325 mg od; or 

• Tiolopidine 250 mg twice daily and aspirin 325 mg od; 

• Primary endpoint of adverse haematological sequelae a early non-cardiac adverse event-related discontinuation of the study drug(s) occurred significantly more often 
in the tiolopidine group; 

• Overall rates of MACCE were low and comparable between all three groups. 
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European Society of Cardiology (ESC) tor DAPT post-ACS and coronary stenting are outlined in Table 2.2 (Please note these have since been superceded by the ESC 
2010 guidelines on myocardial revascularisation). 

Table 2.2 ESC guidelines on the use of DAPT in patients requiring PCI [15,16] 

ESC antiplatelet therapy guideline recommendations for STEMI patients proceeding to PCI 

Aspirin Patients already on daily aspirin should be given a 75-325 mg stat dose before PCI. 

Patients not on regular aspirin should be given 500 mg at least 3 h before PCI or 300 mg IV at the time of the procedure. 

Following PCI, patients should continue on 75-160 mg daily MD indefinitely. 

Clopidogrel Patients should be given a 300 mg LD at least 6 h before PCI; if this is not possible, then a 600 mg LD at least 2 h before the procedure. 

Following BMS implantation, patients should continue clopidogrel at 75 mg daily MD for four to six weeks. 

Following DES implantation, patients must continue clopidogrel for at least 12 months. 

ESC antiplatelet therapy guideline recommendations for NSTEMI patients proceeding to PCI 

Aspirin A 160-325 mg LD should be given to all patients presenting with NSTEMI. 

A long-term MD of 75-100 mg daily should be given indefinitely. 

Clopidogrel All patients undergoing PCI should receive 600 mg LD. 

Following BMS implantation, patients should continue clopidogrel at 75 mg daily MD for four to six weeks. 

Following DES implantation, patients must continue clopidogrel for at least 12 months. 

According to updated US guidelines (2007), post-PCI patients receiving a BMS should be given clopidogrel for a minimum of one month and ideally up to 12 months 
(unless the patent is at increased risk of bleeding, then it should be given for a minimum of two weeks) [14]. 

US PCI guidelines (2007) also recommend clopidogrel (75 mg daily) should be given for at least 12 months in all patents receiving DES if they are not at increased risk 
of bleeding [14]. 

Of note, the DES-LATE trial, presented at the Annual Soienffio Sessions of the American College of Cardiology in March 2010, helped to confirm the generally held belief 
that 12 months of DAPT following coronary stentng is about right [17]. The trial was an amalgamafion of two South Korean trials (REAL-LATE and ZEST-LATE), each of 
which had slow enrolment, hence the decision to combine their patent cohorts. The single large trial (n=2,701) compared the continuaton or cessaton of clopidogrel after 
12 months of DAPT in those patients who had received a DES, but had had no MACCE or significant major bleeding event(s) during that time period. Patents were 
randomized to clopidogrel 75 mg od plus low-dose aspirin (100-200 mg) or just aspirin alone on an open-label basis and followed up at 6-month intervals up to two years. 
Results revealed no demonstrable benefit of extending DAPT beyond 12 months in terms of reducing the risk of Ml or cardiovascular death. Interestingly, prolonged DAPT 
actually led to a non-significant increase in the composite endpoint of Ml, stroke, or death from any cause and Ml, stroke and, cardiovascular death. There was insufficient 
statistical power, however, to make a firm recommendation on the safety of clopidogrel discontinuation following 12 months of DAPT. The much larger American DAPT trial 
is currently enrolling to answer this question. 



The next day, the patient was still suffering from pruritus, but now noticed a discrete erythematous maculopapular rash that had erupted over his forehead overnight (Figure 
2.1). There was no chest pain or breathlessness, but the patient did not feel well systemically. He was concerned enough to make an appointment to see the family doctor the 




Discrete pruritic maculopapular rash following initiation of clopidogrel therapy (arrows). 



Q Clinical tip Clopidogrel hypersensitivity reaction 



• A pruritic, maculopapular rash that can occur in up to 15% of individuals; 

• Predominantly affects the limbs rather than the trunk; 

• Usually occurs by day 3 or 4 post-initiation of therapy (although some reports describe a rash within 20 minutes or after 14 days); 

• Can be associated with fever, nausea, vomiting, anaemia, thrombocytopaenia, leucopaenia, and deranged liver function; 

• Treated with systemic or topical steroids and antihistamines; 

• Management options to prevent STENT THROMBOSIS in PCI patients: 

• Discontinue clopidogrel and commence an alternative thienopyridine (e.g. ficlopidine, prasugrel), bearing in mind the potential risk of cross-sensitivity; or 

• Continue clopidogrel and accept that urticaria/rash will persist; unlikely to be a realistic option for those receiving DES who require a protracted course of DAPT; a 
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• Discontinue clopidogrel and initiate an alternative non-thienopyridine antiplatelet agent (e.g. cilostazd, dipyridamde, or more latterly, ticagrelor); or 

• Attempt clopidogrel desensitization once the rash has resdved using incremental doses of the offending drug given over a predetermined time period under close 
supervision in hospital; again unlikely to be a realistic option in light of the availability of newer oral non-thienopyridine antiplatelet agents such as ticagrelor. 



The primary care physician later diagnosed a hypersensitivity reaction to clopidogrel. He advised the cessation of clopidogrel therapy and prescribed an antihistamine 
(chlorpheniramine 4 mg tds) and oral prednisdone (30 mg od) fa five days to treat the presumed allergic rash and pruritus. The family docta arranged to see the patient again 
after completion of treatment with a view to restarting clopidogrel a to initiate the trial of a different antiplatelet agent. The patient unfortunately tailed to mention the strict advice 
given to him by the Cardidogy Fellow upon discharge from hospital only a few days before. 

Within two days, the patient's rash had improved markedly and he had returned to work. He was sitting at his desk when suddenly he developed a crushing central chest pain 
radiating to his neck. He became odd and clammy. He immediately took two putts of his GTN spray five minutes apart, but this had little effect. In the meantime, his co- 
workers had called fa the paramedics who arrived within eight minutes. The paramedics took a quick history, gave 300 mg of aspirin to chew, and established intravenous 
(IV) access. The patient was administered oxygen via a mask and given 10 mg morphine with anti-emetic cover. An ECG was taken which revealed an anteria ST-elevation 
myocardial infarction (STEMI). The local regional cardiac centre was contacted and asked to prepare fa a primary PCI (PPCI). 



fPI Clinical tip Premature discontinuation of clopidogrel after coronary stenting 



• Physicians and patients must be made aware that clopidogrel should not be discontinued prematurely, even tor mina procedures like dental care, and that the 
opinion of a cardiologist should be sought if the patient is considering non-emergent, non-cardiac surgery. 

• In general, elective non-cardiac surgery should be deferred far one year after DES implantation. Conversely, if it is known that a non-cardiac operation is required pria 
to PCI, then all efforts should be made to implant a BMS so that clopidogrel need only be continued for tour to six weeks as opposed to one year. 

• Strict compliance to dual antiplatelet therapy must be maintained. 

• The issue of clopidogrel cards to patients that detail the PCI procedure and the recommended length of clopidogrel therapy should be encouraged (Figure 2.2). 

• In patients treated with clopidogrel in whom it is decided that coronary artery bypass grafting is more favourable, the surgery should be delayed for five days, if 
possible, to reduce the risk of bleeding. This may new be of less significance due to the impending introduction of ticagrela, a reversible (thienopyridines are 
irreversible) non-thienopyridine aal antiplatelet agent. 




Figure 2.2 

A clopidogrel card designed by the Pharmacy department at Barts and The London Heart Centre. With kind permission from Barts and the London NHS Trust. Copyright 2011. 




On arrival to the Emergency department, the patient was met by the same Cardiology Fellow that had been involved in his care previously. The Fellcw confirmed an 
anterolateral STEMI (Figure 2.3) and also concurred with the primary care physician's diagnosis of clopidogrel hypersensitivity reaction. He did not concur, however, with the 
premature cessation of clopidogrel therapy without pria referral to the cardiac centre first. The Fellcw prescribed a loading dose of prasugrel 60 mg stat. The patient gave 
verbal consent and was rushed to the cardiac catheterization labaatory fa PPCI. Call to needle time was established at 55 minutes. 




Figure 2.3 

ECG on arrival to the Emergency Department demonstrating an anterolateral STEMI (arrows). 
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anterior wall with an estimated ejection fraction by Simpson's biplane method of 45%, suggesting at least a moderate impairment of function. He was prescribed a 12-month 
course of prasugrel at 1 0 mg od and asked to contact the Cardiology department directly if there were any adverse reactions to the new therapy. Contact with the cardiac 
rehabilitation team was established, and a full and thorough discharge summary emphasizing the importance of maintenance of DAPT was relayed to the primary care 
physician. 




Figure 2.4 

Repeat coronary angioplasty. Plate A: proximal LAD artery occlusion (blue arrow) secondary to stent thrombosis (red arrows); plate B: POBA of occluded proximal LAD stent 
with multiple balloon inflations (red arrow); and plate C: recanalization of the LAD artery with a patent stent and TIMI grade 3 flow (blue arrow). 




The case outlined here illustrates how fundamental it is to maintain adequate inhibition of platelet aggregation (IPA) following deployment of intracoronary stents and in particular, 
for DES in the longer term since delayed re-endothelianzaiion through drug bystander effects may be one mechanism of continued exposure to a risk of stent thrombosis. 
Adequate prevention of stent thrombosis following PCI requires optimization of tour key factors, all of which are intimately interrelated: the patient, the antiplatelet drug therapy, 
platelet function and reactivity, and the characteristics of the stent along with its correct deployment. 

Patient compliance with DAPT is paramount to the success of PCI. In all studies, the greatest hazard ratio for stent thrombosis is ‘premature’ discontinuation of DAPT and in 
particular, the thienopyridine portion of it. Without knowledge of the individual's re-endothelialization status, defining what constitutes ‘premature discontinuation is clearly an 
inexact science. Most will have re-endothelialized within 6-12 months of the DAPT protection period, some as early as three months, whilst some, however, will have not. 
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To reduce the risk of iatrogenic or patient-driven discontinuation, the use of clopidogrel cards must be encouraged. They are an invaluable source of information both to the 
patient and toother medical personnel. Presentation of the clopidogrel card to the primary care physician in this case study may well have prevented the adverse sequelae 
that resulted from premature cessation of clopidogrel. There are also other issues. With an increasingly ageing demographic in the developed wcrid, it is inevitable that the 
majority of PCI patients will be elderiy. It follows that these patients may well require an unplanned non-cardiac procedure in the (1-year) post-stent period, necessitating the 
consideration of discontinuation of clopidogrel. In these situations, appropriate liaison with a cardiologist is essential. If the stent is large, has been well deployed and is in a 
distal vessel and the patient requires an important non-surgical procedure four months post-PCI (e.g. biopsy for breast cancer), the clinical decision may well be to stop the 
clopidogrel five days before the procedure. Alternatively, an ostial LAD stent five weeks post-PCI in a patient requiring a haemorrhoid operation will be a completely different 
scenario. Each patient has to be considered on his or her individual merits and with it, the surgeon-primary care physician-interventionist communication line is a vital 
component of this decision-making process. The use of clopidogrel cards can facilitate this communication. 

Are the days of aspirin and clopidogrel numbered? 

Theoretically, the inhibition of the two main amplification pathways of platelet aggregation should be superior to that of either pathway alone. Despite appropriate DAPT, 
however, a significant minority of patients continue to suffer MACCE following ACS and coronary stenting. Late stent thrombosis, particularly in the era of DES, can occur in 1- 
2% of individuals tbllcwing PCI and is reported to progress at 0.3 to 0.6% each year. In real terms, this can account for 30,000 MACCE per annum worldwide. Death, Ml, or 
stroke occur in 8.5% and 21.4% require revascularization a year after their index PCI procedure [19], This has led to the postulation that those individuals suffering turther 
events may represent a cohort of patients who are resistant to the platelet inhibitory properties of aspirin and/or clopidogrel. 

The term DAPT 'resistance' is controversial in this context since it has been used to encompass both the failure of an agent to prevent the clinical condition for which it is 
intended and also failure to achieve its full pharmacokinetic and/or pharmacodynamic effect. Since the pathophysiology of atherothrombosis is complex, comprising 
thrombosis, inflammation, intrinsic vascular biology and haemodynamic variability, no single agent can be expected to abolish ischaemic events completely. Furthermore, a 
patient may have the appropriate platelet response to a given therapy, but have recurrent events mediated by non-platelet factors. For these reasons, it would seem 
reasonable to categorize patients suffering recurrent events on therapy as having treatment failure, while limiting the term resistance to those for whom the anfiplatelet drug 
does not achieve appropriate IPA, i.e. its pharmacological effect. Resistance, in its broadest sense, can be referred to as the continued occurrence of ischaemic events 
despite adequate duration of antiplatelet therapy, dosing, and compliance alongside optimal stent deployment. 

Aspirin resistance 

In the purest pharmacological sense, aspirin resistance would suggest a failure to inhibit platelet COX-1 -dependent thromboxane formation. The concept of aspirin resistance 
is made problematic by a lack of definitive evidence to suggest that altering therapy in response to discovering this phenomenon actually improves clinical outcomes. Indeed, 
although aspirin strongly inhibits the production of TXA2, it may still tail to inhibit platelet aggregation since there are a number of other potent agonists that will continue to 
activate platelets. As such, there is no universally accepted definition of aspirin resistance. 

Furthermore, selecting an appropriate method for determining aspirin resistance remains a challenge. At present, AA-stimulated platelet aggregation assessed by light 
transmittance aggregometry (LTA) or platelet mapping by thromboelastography are the most commonly used laboratory assays, but these putative in vitro tests may not be 
specific or sensitive enough and also suffer from a number of significant limitations: 

• Platelets are removed from the circulation and are therefore no longer exposed to the prothrombotic effects of shear stress and contact with the endothelium and 
neighbouring blood cells; 

• Platelet assays tend to use a single agonist whereas in vivo multiple agonists act in combination and often synergisfically; 

• Preactivation may occur and this may be enhanced in already hyper-reactive platelets; 

• Essential secretory (autocrine and paracrine) functions of platelet-derived TXA2 will not be detected by measures of platelet aggregation; 

• Anticoagulants may modify platelet aggregation differently [20]. 




Consequently, no assay standards have been set a widely accepted for determining biochemical aspirin resistance. The cause of aspirin resistance, if it truly exists, remains 
contentious and is most likely multifactorial. Causes may represent a drug-related or disease-related dichotomy or be divided into clinical, cellular, and genetic factors (Table 
2.3). 
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Table 2.3 Potential causes of aspirin resistance [20,21] 



Clinical factors 



Cellular factors 



Genetic factors 



• Failure to prescribe appropriately 

• Patient non-compliance 

• Non-absorption/insuflicient bioavailability (low-dose enteric-coated preparations) 

• Interaction with NSAIDs (e.g. ibuprofen, indomethacin) preventing access to binding sites inside the COX-1 channel 

• ACS or congestive heart failure 

• Hyperglyoaemia 

• Impaired sensitivity of platelet COX-1 

• Insufficient suppression of COX-1 

• Platelet hyper-reactivity (‘residual’ platelet reactivity) 

• Platelet stimulation by alternative aspirin-insensitive mechanisms (e.g. ADP, shear stress, erythrocyte-induced platelet activation) 

• Platelet sensitizing by isoprostanes (e.g. 8-iso-PGF 2a ) 

• Platelet stimulation by COX-2-dependent TXA 2 formation 

• COX-1 gene polymorphisms (A842G/C50T) 

• Glycoprotein llb/llla receptor polymorphisms 

• von Willebrand factor receptor polymorphisms 

• Collagen receptor polymorphisms 



Currently, the estimated prevalence of aspirin non-responsiveness ranges from 4 to 65%, borne from the heterogeneity of the methodologies used to assess platelet 
aggregation, the variability of aspirin dosing, the definition of resistance adopted by the particular study, and the population from which trial participants were recruited [22,23]. 
Interestingly, the ASPECT trial did demonstrate a dose-dependent effect of aspirin on non-responsiveness, which tended to occur less frequently with repeated and increased 
administration of the drug [24], At present, however, evidence pointing to the existence of true aspirin resistance remains tenuous at best and a lack of appropriate alternatives 
means that there is little, if any, justification in withholding the drug when used alone or in conjunction with clopidogrel as DAPT. 

Clopidogrel resistance 



In contrast to the phenomenon of aspirin resistance, there is evidence to suggest that clopidogrel resistance is a definite pharmacological entity that can lead to adverse clinical 
outcomes. There is wide inter-individual variation in clopidogrel response. Like hyporesponsiveness to aspirin, a laboratory definition of true clopidogrel resistance has not been 
universally accepted. It is agreed that clopidogrel resistance occurs when the drug is unable to achieve appropriate IPA. Since there are a number of different assays 
available to assess this phenomenon, it follows that there are a number of empiric cut-off values that have been adopted to suggest non-responsiveness. None of these tests 
have been fully standardized, leading to significant inter-laboratory variation in results. Prevalence figures for non-responders to clopidogrel range from 4 to 34% 24 hours after 
drug administration, depending on the technique used to measure platelet aggregation and the presence of factors contributing to greater baseline platelet reactivity [25]. 




Several studies have established clopidogrel resistance as an emerging clinical entity and proposed a link with adverse outcomes. Common to all of them, however, are 
relatively small sample sizes and short follow-up periods. They have not been sufficiently powered to detect a causal association between clopidogrel resistance and MACCE. 
One of the largest studies found a normal distribution of clopidogrel responsiveness amongst 544 individuals, consisting of healthy volunteers, patients post-coronary stenting, 
those with heart failure, and after stroke [26]. The authors subsequently categorized hyporesponders, hyper-responders, and the remaining individuals as standard responders 
using the mean IPA achieved as a reference point. Another prospectively studied 60 patients who underwent primary PCI following presentation with STEMI to determine 
whether variability in response to clopidogrel affected clinical outcomes. Patients were stratified into four quartiles according to the percentage reduction of ADP-induoed platelet 
aggregation. Forty per cent of patients in the first quartile, who were considered non-responders, sustained a MACCE during six months of follow-up compared to one patient in 
the second quartile and none in the third and tburth [27], The largest study thus far looked at platelet reactivity following clopidogrel administration to 804 patients who had 
received DES during PCI. They found that patients with over 70% post-clopidogrel platelet aggregation in vitro had a nearly four-fold increase in definite or probable stent 
thrombosis as compared with clopidogrel responders [28]. More recently, Price and colleagues measured post-clopidogrel treatment platelet reactivity with the VerifyNow® 
P2 Yi 2 assay in 380 patients undergoing PCI with sirolimus-eluting stents to determine whether there was an optimal cut-off value for platelet reactivity in predicting 6-month 
MACCE rates. They found that those patients with high post-treatment platelet reactivity had significantly higher rates of cardiovascular death, stent thrombosis, and overall 
MACCE [29], 

Platelet function tests 

Since clopidogrel is specific for the P2 Yj 2 receptor, the P2Yi platelet receptor can still be activated and contribute to platelet aggregation. This can be a confounding factor 
when using LTA or impedance aggregometry as an ex vivo test of clopidogrel response. The vasodilator-stimulated phosphoprotein phosphorylation (VASP-P) assay is more 
specific to the P2 Yi 2 pathway. Levels of VASP-P and dephosphorylation reflect P2 Yi 2 inhibition and activation, respectively, and can be measured reliably by quantitative 
flow cytometry. This is fast becoming the only standardized P2Yi 2 -specific assay available. Furthermore, point-of-care assays for platelet aggregation have a promising role in 
guiding future anfiplatelet therapy. The VerifyNcw® P2Yi 2 system uses a similar principle to that employed by the VASP-P assay by using a combination of ADP and 
prostaglandin Ei (PGEi) as agonists to specifically evaluate inhibition of the P2 Yi 2 pathway. PGEi increases VASP-P by stimulation of adenylate cyclase. Binding of ADP to 
P2 Yi 2 leads to inhibition of adenylate cyclase, thereby reducing PGEi-induced VASP-P levels. If, however, P2 Yi 2 receptors are successfully blocked by clopidogrel, the 
addition of ADP will have no theoretical effect on PGEi -stimulated VASP-P levels. The VerifyNow® P2Y 12 system has recently been approved by the Food and Drug 
Administration (FDA) in the United States, but remains primarily a research tool and is yet to be used widely in the clinical forum. 

The POPULAR study, which was first reported at the American Heart Association (AHA) meeting in November 2009, sought to identify the platelet function test that best 
predicted clinical outcomes in 1 ,069 consecutive patients on DAPT undergoing elective PCI with coronary stenting between December 2005 and December 2007 in a single 
Dutch centre [30]. The study performed a parallel head-to-head comparison of seven platelet function tests: 
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• LTA (laboratory-based, requiring trained technicians and labour-intensive; using platelet-rich plasma); 

• VerifyNow® P 2 Y 12 (bedside assay, whole blood, aggregation-based); 

• Plateletworks (bedside assay, whole blood, ADP stimulation, must be performed within ten minutes or results can become unstable); 

• IMPACT-R (adhesion and shear stress-based, whole blood); 

• IMPACT-R ADP (stimulation with ADP, whole blood); 

• PFA-100 COL/ADP (i.e. collagen/ADP, whole blood, shear stress-based); 

• INNOVANCE® PFA P2Y (shear stress-based, whole blood). 

The primary efficacy endpoint was the composite of death, non-fatal Ml, stent thrombosis, and stroke at one year. The primary safety endpoint was set at TIMI major and minor 
bleeding in the same time period. The study found that the platelet aggregation tests, LTA, VerifyNow® P2Y12, and Plateletworks, were all able to predict adverse events. In 
essence, the primary ischaemic endpoint occurred more frequently in patients with high on-treatment platelet reactivity (HPR) as identified by these three tests. In contrast, the 
remaining four platelet adhesion and/or shear stress-based tests were unable to predict MACCE. None of the tests, however, were able to discriminate those patients at 
increased risk of TIMI major and minor bleeding. Overall, the ability of these tests to predict atherothrombotic outcomes in this relatively lew-risk, non-ACS population was 
described as ‘modest’ by the authors. Perhaps more pertinently, this study served to highlight the importance of HPR as opposed to pharmacological clopidogrel resistance. 
Also of note, the Multiplate analyzer, the thromboelastograph, and the VASP-P assay were not available at the time when the POPULAR study was recruiting. Ongoing trials 
(e.g. TRIGGER PCI and GRAVITAS) in higher-risk ACS populations will help to determine which platelet test best serves those individuals with clopidogrel resistance and/or 
HPR. 




Mechanisms of clopidogrel resistance 



Several mechanisms of clopidogrel resistance have been postulated and encompass genetic, cellular, and clinical factors, either acting alone or in conjunction (Table 2.4). 
Again, a common thread of small sample sizes, empirical definitions for responsiveness, a lack of robust clinical outcome data, differing methods of assessing platelet 
aggregation, and contradictory findings exists in studies aiming to identify a cause-and-effect relationship. 



Table 2.4 Proposed mechanisms of clopidogrel resistance 



Genetic factors 



• Polymorphisms of hepatic CYP3A4, CYP2C9, CYP2C19 and 1A2 

• Polymorphisms of glycoprotein la 

• Polymorphisms ofP2Y-|2 

• Polymorphisms of glycoprotein Ilia 



Cellular factors . |_|pp 

• Reduced CYP3A4/CYP3A5 metabolic activity 

• Increased ADP exposure 

• Upregulafion of the P2Y-| 2 pathway 

• Upregulafion of the P2Yi pathway 

• Upregulafion of P2Y-independent pathways 

• (collagen, adrenaline, TXA 2 , thrombin) 

Clinical factors . FaNure t0 prescribe or under-dosing 

• Poor compliance 

• Poor absorption 

• Suboptimal stent deployment 

• Drug-drug interactions 

• (e.g. lipophilic statins such as atorvastafin and simvastatin, omeprazole, calcium channel blockers) 

• Increased baseline platelet reactivity 

• (e.g. ACS, increased body mass index, diabetes mellitus, and insulin resistance) 

• Clopidogrel side effects such as thrombotic thrombocytopaenic purpura (i.e. creation of a pro-thrombotic state) 

No one mechanism has been accepted as the true cause of clopidogrel resistance. Particular interest has, however, focused recently on several functional polymorphisms 
found in genes encoding cytochrome P450 isoenzymes involved in the hepatic biotransformation of clopidogrel to its active form. Abnormal functional variants of the CYP2C9 
and CYP2C19 genotypes have been associated with a decreased pharmacodynamic response to clopidogrel, resulting in less exposure to the active metabolite [31]. Collet 
and colleagues have shewn that a cohort of patients aged under 45 years taking clopidogrel, who were carriers of the loss-of-function CYP2C19 681>G (*2) allele, had a greater 
propensity to stent thrombosis and the composite of death, Ml, and urgent coronary revascularization when compared with non-carriers [32], These findings were further 
substantiated by the TIMI group who examined the association between functional variants of the CYP genes in 1 ,477 individuals who had been enrolled into the clopidogrel 
arm of the TRITON-TIMI 38 trial [33,34], They were able to demonstrate a significant relative increase in the risk of CV death, Ml, stent thrombosis, and stroke in those carriers 
of the CYP2C19 reduced-function allele compared with non-carriers. Carriers were also shown to produce lower levels of the active thiol clopidogrel metabolite and 
demonstrated diminished IPA. 

The CHARISMA Genomics substudy has also shewn that those patients homozygous for the CYP2C19*2 allele are at increased risk of ischaemic events [35]. This 
prospective, placebo-controlled study genotyped for CYP2C19*2, *3, and *17 alleles in 4,862 of the 15,603 patients consented for the CHARISMA trial [36] and randomized 
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them to aspirin with clopidogrel or aspirin with placebo to evaluate whether this polymorphism had any effect on both ischaemic and bleeding outcomes. Homczygotes for the 
reduced-function allele were found to suffer more ischaemic events, but less GUSTO-detined bleeding when compared with wild type (WT) alleles. This trend was also seen in 
patients taking placebo although this finding did not reach significance. Patients with the WT alleles experienced more GUSTO bleeding with DAPT. In contrast to the findings 
from TRITON-TIMI 38, heterozygotes did not display the same effects on outcomes. This study was the first of its kind to indicate a potential relationship between bleeding and 
genotype. Homazygotes tor CYP2C19*2 may have relatively less conversion to the active metabolite of clopidogrel, thereby conferring a reduced chance of bleeding, but an 
increased risk of MACCE. 

Although further large-scale prospective studies are required to definitively outline the clinical relevance of CYP2C19 polymorphisms, the clear weight of evidence 
accumulated thus far has led the FDA to issue a requirement for the makers of clopidogrel to add a ‘boxed warning’ to their product from March 2010. The warning states that 
those with poor clopidogrel metabolism may not receive its fell benefits. The warning also states that there are tests available to determine the genetic make-up of the 
individual's CYP 450 enzymes and advises clinicians to consider using alternative anfiplatelet therapies or augmented dosing strategies for clopidogrel in non-responders. 

Optimizing the dose of clopidogrel 

The potential clinical validity of clopidogrel resistance has led to the construction of several studies designed to elucidate the optimal loading and maintenance doses for 
clopidogrel that can potentially overcome hyporesponsiveness and yet remain safe in terms of bleeding rates. The ARMYDA-2 study indicated the benefit of pre-treatment with 
a loading dose (LD) of 600 mg when compared with 300 mg in reducing peri-procedural Ml in patients with stable angina or NSTEMI undergoing planned PCI without any 
increase in bleeding hazards [37], 

The ALBION and ISAR-CHOICE studies looked at increasing the LD further to 900 mg [38,39]. A higher LD did display a greater degree of platelet inhibition, more rapid onset 
of action (approximately two hours although maximal IPA may not be achieved until three to four hours after ingestion), and a lower percentage of non- responders compared to 
the standard 300 mg strategy, but the differences observed between the 600 mg and 900 mg regimens were less remarkable and not significant. These studies confirm the 
dose-dependent inhibitory effects of clopidogrel, but also show there is a threshold for the platelet inhibitory function achieved which may be linked to the saturation of intestinal 
absorption as opposed to a limit on hepatic metabolism. 

To establish further the mechanistic aspects of clopidogrel resistance, Bonello and colleagues undertook a prospective, randomized, multicentre study of 162 patients due to 
undergo coronary stenting. Clopidogrel resistance was defined as a VASP-P index of greater than 50% after a 600 mg LD. Patients who were non-responsive to clopidogrel 
were randomized to a control group a to a VASP-guided group; the latter received additional boluses of clopidogrel to reduce the VASP-P index to belcw 50% as measured by 
the VerifyNow® P2Y 12 assay. Although the study sample was small, there was a significantly lower MACCE rate in the VASP-guided group, suggesting that adjusting the LD 
according to clopidogrel response was appropriate, safe (i.e. there was no difference in bleeding between the two groups), and could potentially improve clinical outcome [40]. 

The standard 75 mg/day maintenance dose (MD) of clopidogrel requires three to seven days to achieve maximal IPA. The ISAR-CHO ICE-2 study revealed the advantage ofa 
150 mg clopidogrel MD over standard dosing in patients one month after lew-risk PCI [41]. Additionally, the OPTIMUS study shewed that a 150 mg MD of clopidogrel resulted 
in pronounced platelet inhibition of numerous platelet function measures compared to the standard 75 mg daily in patients with diabetes mellitus, although a significant number 
of patients continued to display HPR [42], 




More definitive data on the optimal dosing of clopidogrel has come from the CURRENT-OASIS 7 trial, the results of which were first reported at the ESC Annual Congress in 
September 2009. Over 25,000 patients presenting with stent thrombosis and non-ST-elevation ACS intended for early (□ 72 hours) revascularization were enrolled into a 2 x 2 
factorial trial and randomized to either 600 mg LD followed by 150 mg/day for one week, then 75 mg/day MD of clopidogrel or a 300 mg LD tbllcwed by 75 mg/day MD [43]. 
Individuals were also randomized to receive either high-dose (300-325 mg) or low-dose (75-100 mg) aspirin in an open-label manner. 

Of the 17,232 patients who did receive early intervention, the primary composite endpoint of CV death, Ml, and stroke at 30 days occurred in 4.5% of those on the ‘standard’ 
clopidogrel regimen and 3.9% on the ‘augmented’ regimen (p=0.036), the benefit primarily driven by a reduction in Ml. There was no significant difference in the primary 
endpoint in those 7,855 patients who did not proceed to PCI because of no significant CAD identified on angiography or those scheduled for CABG. Overall, the rate of stent 
thrombosis was significantly higher in the standard group compared to the double clopidogrel therapy (1.2% vs 0.7%, p=0.001). There was no significant difference in the 
primary endpoint between a high- or low-dose aspirin strategy although, conversely, there was also no difference in bleeding indices between the two strategies either. Data 
from CURRENT-OASIS 7 suggest that those patients scheduled to undergo PCI following an ACS should receive a 600 mg LD of clopidogrel which is already advocated in 
Europe and is current practice. A MD of 150 mg for one week following PCI would be simple enough to institute thereafter and then patients could return to the 75 mg MD that 
we are all familiar with. Whether this practice will become commonplace in the ‘real world’ is yet to be seen. 

What is clear from the evidence accumulated so far is that further work is needed to establish the role of genotyping vs platelet function measurements (i.e. complementary or 
alternative) and how they can be transferred from the laboratory to the bedside. The idea of tailoring anfiplatelet therapy for those patients found to have a subopfimal response 
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Ticagrelor, a non-thienopyridine P2Y12 receptor antagonist, will add yet another dimension to our therapies. It appears to be more potent than clopidogrel to reduce mortality 
and is reversible. This may thus have significant advantages when patients need a non-cardiac operation or those who may ultimately require cardiac bypass surgery 
during their index ACS admission [46]. In the ONSET/OFFSET study, Gurbel and colleagues demonstrated the greater and faster onset of action of ticagrelor compared 
with clopidogrel in patients with stable CAD. On discontinuation, platelets regained function within two to three days in the ticagrelor group compared with five days in the 
clopidogrel cohort [46]. 

It is likely that despite all these advances, DAPT will continue to play a fundamental role in post-PCI care. Which combination of agents and for hew long and whether this 
will be tailored to individual patient's needs and/or the stent are research questions still to be resolved. 
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Case history 

A 68-year-dd lady was directly referred by her family physician to the Medical Admissions Unit (MAU) with a 2-week history of exertional angina which had, in the last few 
days, deteriorated to central chest pain occurring both at rest and on minimal activity. Each episode had been relieved with a sublingual application of glyceryl trinitrate (GTN) 
spray. There was an extensive medical history, including rheumatic fever in childhood, systemic lupus erythematosus (requiring long-term steroid therapy), type II diabetes 
mellitus (necessitating both oral antidiabetic therapy and regular subcutaneous insulin), paroxysmal atrial fibrillation (PAF), a 29 mm Bjork-Shiley mitral valve replacement 
(MVR) for mixed mitral valve disease in 1990, an 18 mm Carbomedics aortic valve replacement (AVR) for critical aortic stenosis (AS) plus two coronary artery bypass grafts 
(CABG-saphenous vein graft (SVG) to an obtuse marginal (OM) artery and a left internal mammary artery (LIMA) graft to the left anterior descending (LAD) artery) in 1998, 
and a cerebrovascular accident (OJA) of ischaemic origin in 2004. She had been taking warfarin since the MVR operation in 1990, along with insulin, bumetanide, 
atorvastatin, metformin, ramipril, lansoprazole, and isosorbide mononitrate. There was a longstanding intolerance of beta-blockers and a lifelong non-smoking history. 



Learning point Indications for chronic oral anticoagulation (OAC) therapy 



Warfarin and other synthetic coumadin derivatives represent a family of vitamin K antagonists (VKA) that have new become standard therapy tor patients at moderate to 
high risk of thromboembolism. Warfarin was first developed as a rodenticide in 1948 and approved for medicinal use in humans in 1954. Its anticoagulant property derives 
from its ability to inhibit vitamin K epoxide reductase which is fundamental to the y-carboxylation of the vitamin K-dependent coagulation factors II, VII, IX, and X. Warfarin 
also inhibits the carbaxylation of the regulatory anticoagulant proteins C and S [1]. 

Indications for warfarin use include: moderate- and high-risk AF, prevention and treatment of venous thromboembolism (VTE), prosthetic heart valves, cerebrovascular 
disease and cryptogenic stroke, left ventricular aneurysm and mural thrombus, thrombophilia, individuals who have suffered one or more episodes of systemic 
thromboembolism, and hypertension associated with any of the above [1]. 

For the majority of conditions, moderate anticoagulant intensity (international normalized ratio [INR] 2.0 to 3.0) is sufficient. In the case of VTE, dosing to produce only 
moderate intensity anticoagulation is just as effective as a more intense regime (target INR 3.0 to 4.5) and leads to less bleeding complications [2], Furthermore, tour 
randomized studies have indicated that a reduction in the target INR range from 3.0-4.5 to 2.0-3.0 leads to a significant lowering of haemorrhagic risk, both in the context of 
tissue and mechanical prosthetic heart valves and VTE [3-6]. 




This is a patient at high risk of stroke and thromboembolism, given the background comorbidities, including female gender, diabetes, PAF, prosthetic heart valves, and 
coronary artery disease (CAD). This patient would require long-term VKA therapy with the need to maintain a therapeutic anticoagulation target INR of 3.0 (range 2.5-3 .5). 
VKA therapy is subject to significant inter- and intra-patient variability in dose as well as having various diet/food, alcohol and drug interactions, necessitating regular 
anticoagulation monitoring. 



0 Clinical tip Bridging therapy to cover temporary discontinuation of OAC 



• Current European guidelines recommend either UFH or LMWH as bridging therapy to protect against thromboembolic phenomena on temporary cessation of OAC [7], 



PRINTED FROM OXFORD MEDICINE ONLINE (www.oxfordmedicine.com). (c) Oxford University Press, 2013. All Rights Reserved. Under the terms 
of the licence agreement, an individual user may print out a PDF of a single chapter of a title in Oxford Medicine Online for personal use (for details see 
Privacy Policy) . Subscriber: OUP- Oxford Online %28Sales%26 Publicity%29; date: 14 April 2014 





Triple antithrombotic therapy after coronary stenting for chronically anticoagulated patients: too much of 



• These recommendations, however, are based somewhat on anecdote since there have been no large randomized trials conducted to investigate different strategies to 
manage chronic OAC during PCI. 



On anival, the patient was pain-free and haemodynamically stable. An electrocardiogram (ECG) confirmed sinus rhythm with significant first degree heart block (PR interval 
310 ms), left ventricular hypertrophy by voltage criteria with fixed inferdateral ST-segment depression (when compared to dd traces), and no acute ischaemia (Figure 3 . 1 ). In 
light of the history and extensive cardiac background, the patient was given stat bdus doses of aspirin 300 mg and clopidogrel 300 mg, but no low mdecular weight heparin 
(LMWH) in view of her chronic OAC. She was transferred to the Coronary Care Unit (CCU), at which pant her OAC was stopped temporarily and eventually proceeded to an 
inpatient left heart catheterization via the right femoral artery on an unfractionated heparin (UFH) infusion once her INR had fallen belcw 2.0. A 12-hour troponin T was normal. 




Figure 3.1 

ECG on admission showing fixed inferdateral ST-segment depression. 




patent first diagonal (D1) branch of the LAD artery which was itself occluded distal to the origin of D1. There was a tight proximal lesion in the native left circumflex (LCx) artery 
and the right coronary artery (RCA) was dominant and had a normal anatomy (Figure 3.2). At this stage, it was thought prudent to stop the procedure there and discuss the 
findings at a multidisciplinary team (MDT) meeting later in the week. Haemostasis of the puncture site was achieved with manual pressure to safely allow for the possibility of 
PCI at a later date. 
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Figure 3.2 

Coronary angiography images, (a) Left anterior oblique (LAO) cranial view on diagnostic coronary angiography. Critical LMS ostial stenosis (yellow arrow) feeding a large and 
widely patent, but ungrafted, D1 branch with moderate proximal disease (green arrow) and a proximally occluded LAD (red arrow); (b) Patent LIMA graft (blue arrows) to LAD 
artery (red arrow) and a relatively large D1 artery (green arrow); (o) Widely patent SVG (orange arrow) toOM and a 90% lesion of the proximal LCx artery (blue arrow); (d) A 
normal dominant RCA. The posterior descending artery (PDA) branch (yellow arrow) indicates ‘dominant’ anatomy. 



m 



pert comment 



A recent European Society of Cardiology (ESC) Working Group on Thrombosis Consensus document [9], endorsed by the European Heart Rhythm Association (EHRA) 
and European Association of Percutaneous Coronary Interventions (EAPCI) recommends an uninterrupted anticoagulation strategy where possible, based on case series 
(but no randomized trials) that an uninterrupted anticoagulation strategy was associated with less thromboembolic and bleeding complications. A radial approach is 
recommended where possible and in this particular case, a femoral approach was necessary due to her previous grafts. 
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Clinical tip Coronary artery dominance 

The artery supplying the posterior descending artery (PDA) a posterior interventricular artery determines the coronary dominance. 

• If the PDA is supplied by the RCA, then the coronary circulation is classified as ‘right-dominant’. 

• If the PDA is supplied by the LCx artery, then the coronary circulation is classified as ‘left-dominant’. 

• If the PDA is supplied by both the RCA and LCx, then the coronary circulation is classified as ‘co-dominant’. 

Approximately 70% of the general population are right-dominant, 20% are co-dominant, and 10% are left-dominant. 



An MDT meeting was convened with both interventional and non-interventional cardiologists and cardiac surgeons in attendance. It was felt the patient's symptoms could well 
have been emanating from the ungrafted D1 artery which appeared to cover a relatively large myocardial territory and was being fed by an LMS which had a critical stenosis 
at its ostium. However, the risks of PCI to the LMS were considered too high at this juncture and the consensus decision was to trial the patient on optimized anti-anginal 
therapy to improve her symptom burden, especially in light of a negative troponin T. The patient was recommenced on warfarin with a target INR of 2.5-3 .5; her long-acting 
nitrate was uptitrated from 60 to 90 mg and nicorandil, a potassium channel activator, was started at 10 mg twice daily with a view to her family physician uptitrating the dose 
according to patient response and angina severity/frequency. At her consultant's discretion, both aspirin and clopidogrel (dual antiplatelet therapy (DAPT)) were stopped since 
the bleeding risk from triple therapy (TT), i.e. OAC and DAPT, was considered to be too high and far outweighed the presumed benefits. 




A month later, the patient was re-admitted with a similar episode of unstable angina despite the enhanced medical therapy. There were no changes on the ECG and troponin T 
was again found to be normal. The decision, however, was made to proceed to PCI of the LMS stenosis on the basis of recurrent symptoms. The procedure was conducted via 
the right radial artery on this occasion so that OAC did not have to be stopped. The lesion was directly stented with a 4 x 16 mm drug-eluting stent (DES), and post-dilated with 
4x15 mm and then 4.5* 15 mm non-compliant balloons which achieved a good angiographic result (Figure 3.3). There were no peri-procedural complications and the patient 
made an uneventful recovery. In light of DES deployment, the patient was discharged on TT (i.e. long-term OAC, aspirin, and clopidogrel) for six weeks until outpatient clinic 
review at which point the plan would beta stop aspirin if the patient remained well and warfarin and clopidogrel would be continued lifelong. 



■ 



® Q-Q 



Figure 3.3 

Left main stem PCI with coronary stenting of the critical LMS stenosis. A: placement of stent across critical ostial LMS stenosis; B: stent deployment; C: final result following 
post-stent dilatation. 



Learning point OAC after coronary stenting 



Contemporary guidelines advocate the use of DAPT after coronary stenting. OAC plus aspirin, however, was the precursor to DAPT until four landmark trials were 
published (ISAR [11], STARS [12], FANTASTIC [13], and MATTIS [14]). In total, these studies clearly demonstrated the superiority of DAPT over OAC and aspirin in the 
prevention of stent thrombosis and other major adverse cardiovascular and cerebrovascular events (MACCE) following PCI and further significantly reduced the risk of 
bleeding complications. All four trials used a combination of ticlopidine (the precursor of clopidogrel) and aspirin and compared them to OAC and aspirin. Although patients 
were randomized to either treatment arm, each study had an open-label design. Different patient populations were studied with variation in disease severity. Differences in 
peri-procedural anficoagulation and definitions of safety endpoints were also potential confounders. Despite this, all four studies came to the same conclusion: DAPT was 
superior to OAC plus aspirin in terms of reducing the incidence of adverse events and haemorrhagic/vascular complications following coronary stent deployment. A 
subsequent meta-analysis of the trials confirmed the net clinical benefit of DAPT over OAC and aspirin [15]. This advantage was essentially driven by significant 
reductions in non-fatal Ml and the need for repeat target lesion revascularization (TLR). Interestingly, there was no significant difference in mortality between the two 
treatment strategies. 
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K Learning point OAC and thromboembolic risk 



To date, the decision to continue or withdraw OAC following PCI has largely been empiric and generally based on the ‘guesstimated’ risk made by the attending physician 
of thromboembolic and atherothrombodc (i.e. stent thrombosis) complications balanced against the perceived increased risk of bleeding. General consensus might 
suggest that there are very few instances in which OAC can be stopped safely and a complete switch to DAPT be made after coronary stenting, low thromboembolic-risk 
atrial fibrillation (AF) and low-risk VTE being the only potential likely scenarios. 

By far, the most common indication for OAC is AF. The prevalence of AF has risen dramatically in line with the current trend towards an ageing population. It affects 5% of 
those aged over 65 years and almost 10% of people above the age of 80 [16]. This is set to double over the next two generations. Various schema such as CHADS2 have 
been postulated to stratify AF patients for thromboembolic risk and the subsequent need for OAC or aspirin [17]. None are ideal with marked variability between 
individuals categorized as having low, moderate, and high risk factors. Current National Institute for Health and Clinical Excellence (NICE) guidelines on AF favour a more 
pragmatic and algorithm-based approach to stroke prevention based on the Birmingham risk stratification schema [16, 18]. The NICE schema has been compared to the 
CHADS2 scoring system and was found to be comparable for predicting stroke and other vascular events [19]. Such schema can be used to stratify the potential risk of 
discontinuing warfarin. 



Since AF commonly coexists with vascular disease, it follows that the incidence of patients in AF on warfarin therapy presenting with an acute coronary syndrome (ACS) 
or requiring scheduled PCI is set to rise exponentially over the coming years. Currently, given that the prevalence of AF is approximately 1-2% of the population, it follows 
that one to two million Europeans on chronic OAC will be candidates for coronary revascularization, often through PCI with stent deployment [20]. It is also important to 
remember that PAF carries the same thromboembolic risk as persistent and permanent AF [16]. 




CHA 2 DS 2 -VAS c criteria 

Congestive heart failure/LV dysfunction 

Hypertension 

Age £75 years 

Diabetes mellitus 

Stroke/TIA/TE 

Vascular disease (prior Ml, plaque, or aa 
Age 65-74 years 
Sex category female 



with non-valvular AF (based or 

CHA 2 DS 2 -VAS c total scort 



al validation cohort reported by Lip et al.; actual ra' 

Rate of stroke/other TE, %/year (95% Cl)* 

0 (0-0) 

0.6 (0-3.4) 

1.6 (0.3-4 .7) 

3.9 (1.7-7 .6) 

1.9 (0.5— 4.9) 

3.2 (0 .7-9.0) 

3.6 (0.4-12.3) 

8.0 (1.0-26.0) 

11.1 (0.3-48.3) 

100 (2.5-100.0) 



* Assuming aspirin not taken. 



The patient was re-admitted to the MAU six weeks later, just before her planned cardiology review, complaining of epigastric pain, dyspnoea and dark offensive stool, but no 
angina. Urgent blood tests were ordered and revealed a hypochromic microcytic anaemia (Table 3.2). Blood pressure (BP) was measured at 98/60 mmHg with a heart rate of 
1 10 beats per minute in sinus rhythm. There was no evidence of pulmonary congestion and prosthetic first and second heart sounds were audible. Two large-bore venous 
cannulae were inserted in each arm and six units of blood were cross-matched. Specialist cardiology and haematology opinions were sought by the admitting general medical 
team whilst the patient was receiving an immediate 2-unit blood transfusion. The cardiologist advised cessation of aspirin and warfarin for the meantime and conversion to 
heparin, but the clopidogrel was to be continued in order to prevent, as much as possible, any adverse atherothrombotic sequelae. The haematologist concurred and further 
advised the use of both intravenous (IV) vitamin K and prothrombin complex concentrate (PCC) to rapidly reverse the oral anticoagulation. Both prosthetic valves were to be 
covered with LMWH in the acute period before haemodynamic stability and a source of bleeding could both be attained. 
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Table 3.2 Urgent blood test results on admission 

Haematology Biochemistry 



Hb 6.4 g/dL (11.5-16.0) Na 

Hypochromic RBC 19.6% (0.0-8.0) K 

MCV 75.2 fL (80.0-100.0) Urea 

WCC 12.15 « 10^L (4.0-11.0) Creatinine 

Platelet count 433 x 10 9 /L (150^00) 



Creatine kinase 



INR 3.2(0.9-12) Troponin T 



139 mmol/L (133-146) 
3.8 mmol/L (3.5-5.3) 

16.1 mmol/L (2.5-7 .8) 
111 micromol/L (50-110) 

74 U/L (<130) 

<0.01 ng/mL (0.00-0.01) 



Iron <5.0 micromol/L (14.0-29.0) 

Total iron binding capacity 61 micromol/L (45-72) 

Serum ferritin 29 ng/mL (13-150) 

LFTs Normal 




A per rectum examination was conducted which demonstrated no evidence of melaena. The patient proceeded to urgent oesophagogastroduodenoscopy (OGD) which revealed 
nothing more than a small sliding hiatus hernia. Both the stomach and duodenum were normal and no fresh or old blood were seen in the upper gastrointestinal (Gl) tract. The 
patient was stabilized haemodynamically on the ward and a general surgical consult was obtained. They advised a computed tomography (CT) mesenteric angiogram to 
search for a source of the bleeding. This scan demonstrated no signs of significant G I blood loss. As such, the decision was made by the G I team, in collaboration with the 
cardiologists, to discharge the patient on the same TT as before: warfarin, aspirin, and clopidogrel as there was no evidence of G I blood loss. The haemoglobin (Hb) was 9.0 
g/dL and the patient was sent home with ferrous sulphate (200 mg three times a day). 

Unfortunately, the patient returned to hospital as an emergency a fortnight later with melaena and generalized abdominal pain. The Hb had fallen to 5.2 g/dL on this occasion 
and therefore required several units of blood to maintain haemodynamic stability. An urgent repeat OGD demonstrated only two very superficial abrasions to the gastric 
mucosa which were deemed unlikely to have given rise to such a significant G I bleed. A colonoscopy was also found to be normal. Despite the normal investigations, it was 
thought prudent to stop the patient's aspirin completely and leave her on OAC and clopidogrel. The patient remained well thereafter and made a foil recovery. No definite cause 
of haemorrhage was found although it was postulated that the blood loss could have been the result of a low-grade haemolytic anaemia caused by the prosthetic AVR and/or 
MVR. 



Learning point Prosthetic heart valves and their complications 



• Replacement of a diseased heart valve exchanges the haemodynamic instability and with it, the adverse cardiac remodelling and the morbidity and mortality caused 
by native valve disease, with the inherent complications associated with the implanted prosthetic device. 

• The nature, frequency, and severity of complications experienced depend on the valve type and position and several other clinical risk factors. In general, the 
incidence of complications, despite appropriate management, is approximately 3% per year [23]. 

• Complications associated with prosthetic heart valves are as fdlcws: 

1 Primary structural failure, e.g. paravalvular leaks, strut fracture and subsequent embolization, and peri-prosthetic valve regurgitation; 

2 Valve obstruction and thromboembolism, e.g. with pannus formation (i.e. fibrous tissue in-grawth), prosthetic valve thrombosis, or vegetations; 

3 Infection, e.g. infective endocarditis and paravalvular abscesses; 
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4 Mechanical haemolytic anaemia; and 

5 Anticoagulant-related haemorrhage. 





This case clearly demonstrates an altogether increasingly common clinical dilemma faced by cardiologists and general medical physicians alike, i.e. what the optimal 
antithrombotic therapy that provides net clinical benefit to those patients on chronic OAC following an ACS and, in particular, those who proceed to subsequent PCI and 
coronary stenting is. 

When managing such individuals, we must first decide whether long-term OAC is indeed appropriate. In this particular patient! s case, OAC was absolutely essential. Not 
withstanding the obvious need to prevent thrombotic complications arising from both mechanical valve prostheses, this individual was also over the age of 65, had had a 
previous cerebral infarct, a history ofPAF, ischaemic heart disease, and type II diabetes mellitus. HerCHADS2 score is 3 which equates to a 5.9% risk of stroke per annum 
without treatment [17]. Similarly, she also lies in the high-risk category of the NICE guidelines far thromboprophylaxis in AF, giving an annual stroke risk lying somewhere 
between 3 and 15% [16, 18] (Table 3.3). 
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Table 3.3 Risk of thromboembolic events occurring per annum without oral anticoagulation (adapted from Rubboli A et al. and the NICE guidelines lor thromboprophylaxis in 
AF [18,24]) 

Clinical scenario Thromboembolic risk (per annum) 

(%) 

Low-risk AF (NICE guidelines) 1 

• Age <65 with no history of embolism or other high/moderate risk factors 

• Aspirin 75-300 mg/day if no contraindications 

Moderate-risk AF (NICE guidelines) 3-7 

• Age >65 not in the high risk category or 

• All patients <75 with diabetes, hypertension, or vascular disease (i.e. PAD or CAD) not identified in the high-risk 
category 

• Consider OAC or aspirin 

High-risk AF (NICE guidelines) 12-15 

• Previous transient ischaemic attack or ischaemic cerebrovascular accident or thromboembolism 

• Age £75 with diabetes or vascular disease or hypertension 

• Clinical evidence of valve disease, heart failure, or impaired LV function on echocardiography 

• Anticoagulation with warfarin 



Bileaflet mechanical aortic prostheses 10-12 

(St Jude, Carbomedics) 

Tilting-disc mechanical aortic prostheses 23 

(Bjork— Shiley, Medtronic-Hall, Omnicarbon) 

Bileaflet mechanical mitral prostheses 22 

(St Jude, Carbomedics) 

Multiple bileaflet mechanical prostheses 91 

(St Jude, Carbomedics) 

Low-risk VTE 2-5 

• VTE >6 months ago 

• Reversible risk factors 

High-risk VTE 10-27 



• Recent VTE <3 weeks ago 

• Neoplasm 

• Persistent risk factors 

• Antiphospholipid syndrome 

• Homozygous for factor V Leiden 

• Protein C and S deficiency 

• Chronic heart a lung disease 

As mentioned previously, there are very few clinical scenarios that exist in which long-term OAC can potentially be stopped without exposing the patient to an unacceptably 
high risk of thromboembolic phenomena (Table 3.4). Results from the ACTIVE W trial also demonstrated the superiority of warfarin over aspirin and clopidogrel in AF patients 
with one or more thromboembolic risk factors for the primary prevention of stroke, non-central nervous system embolism, Ml, and vascular death. OAC demonstrated such a 
clear morbidity and mortality advantage over DAPT that the Data and Safety Monitoring Board was forced to stop the trial early. Interestingly, there were also similar major 
bleeding rates between the two treatment arms [25]. It follows, therefore, that DAPT should not be used as a substitute for OAC in those at moderate to high thromboembolic 
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Table 3.4 Which patienls potentially can and cannot stop oral anticoagulation 

Can potentially stop OAC 

Low-risk AF, i.e. lew risk according to NICE guidelines a CHADS2 score 0-1 
Mitral stenosis and no AF (whether paroxysmal, persistent, or permanent) 

Biological heart valve and no AF (whether paroxysmal, persistent, or permanent) 

LV systolic dysfunction, but no AF (whether paroxysmal, persistent, or permanent) or 
intracardiac thrombus 

Non-cardioembdic ischaemic stroke, 

i.e. cryptogenic or secondary to patent foramen ovale 



Cannot safely or should not stop OAC 

Moderate-risk AF, i.e. moderate risk according to NICE guidelines a 
CHADS2 score 2-3 

High-risk AF, i.e. high risk according to NICE guidelines or CHADS2 score 
4-6 

Mechanical heart valve in the aortic or mitral positions 
LV mural thrombus/apical aneurysm 

One or more episodes of systemic/arterial thromboembdism 



Low-risk VTE High-risk VTE 



With the appropriate need for long-term OAC established, other factors come into play when selecting the best antithrombotic combination for patients proceeding to PCI with 
coronary stenting. The fdlcwing must all be considered: 

• What type of stent platform to use (bare-metal or drug-eluting); 

• Lesion type, length, and diameter; 

• Duration of adjunctive antiplatelet mono- or dual therapy; 

• Which vascular access site to use (radial vs femoral); 

• Should OAC be interrupted with heparin bridging prior to PCI or remain uninterrupted; 

• INR range, control within that range, and frequency of monitoring; and 

• The overall haemorrhagic risk of the patient (Table 3.5). 

Table 3.5 The HAS-BLED bleeding risk score [27] 

Letter Clinical characteristic Points awarded (max 9 points) 

H Hypertension, defined as systdic BP >160 mmHg 1 

A Abnormal kidney function, i.e. chronic dialysis/renal transplantation/serum creatinine >200 micromd/L 1 or 2 

Abnormal liver function, i.e. chronic hepatic disease (e.g. cirrhosis) a biochemical evidence of hepatic derangement: 

• Bilirubin >2 * upper limit of normal (ULN) in association with 

• AST/ALT/ALP >3 x ULN 

S Stroke 1 

B Bleeding (previous bleeding history and/or predisposition to bleeding, e.g. bleeding diathesis, anaemia) 1 

L Labile INR unstable/high INR or insufficient time in therapeutic range (<60%) 1 

E Elderly (age >65 years) 1 

D Drugs (e.g. antiplatelet agents, NSAIDs) or alcohd abuse 1 or 2 

This simple bleeding risk score was derived from a 'real worid' cohort of 3,978 European subjects with AF from the Euro Heart Survey and has now been incorporated into 
the new ESC guidelines for the management of AF issued in 2010 [26]. A score of £3 indicates ‘high risk' and therefore, caution and regular review of the patient is advised 
fdlcwing the initiation of antithrombotic treatment, whether it be aspirin or VKA (adapted from Pisters et al. [27]). 



There are currently no large-scale, prospective, multicenfre, randomized clinical trials published in the medical literature that address this issue. To date, 21 studies have been 
published, but they represent only single-centre registries, small case- controlled series or post hoc analyses of prospective studies and have tended to focus on safety 
endpdnts such as bleeding risk. Significantly less emphasis has been dedicated to elucidating the most suitable therapeutic strategy that is able to provide net clinical benefit 
(i.e. the sum of bleeding vs atherothrombotic and thromboembdic sequelae). Furthermore, the frequency and severity of bleeding events vary substantially between these 
studies as a consequence of differing bleeding definitions recorded, varying doses of aspirin, sample size inequalities, intensity of the anticoagulant regimen, and the clinical 
characteristics of the patient populations under investigation [28]. It has also been difficult to differentiate those patients actually taking TT and those only receiving OAC plus a 
single antiplatelet agent. 

In an era of evidence-based medicine, large randomized controlled trials (RCTs) and guideline-driven therapeutics, robust prospective randomized data on the best 
antithrombotic regimen for this subset of patients on chronic OAC requiring PCI are currently undefined. Many of the recommendations available are anecdotal and centre on 
the need to strike the perfect balance between avoiding stent thrombosis and thromboembolic complications against minimizing the risk of bleeding. The need for RCT data is 
all the more pressing since it is evident this subset of patients is expanding fast alongside the growth of an elderly population. 



□ 



A final word from the expert 
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This case neatly illustrates the dilemma over how best to manage such patients. Given the lack of prospective blinded RCT data, talcwing an evidence-based expert 
consensus approach would be prudent. Table 3.6 illustrates recommendations issued by the ESC in its new AF guidelines for this patient cohort [9,26], Bleeding risk 
assessment is also problematic and current published scores have not been adequately validated in AF populations nor are user-friendly or practical, hence the 
emergence of the FIAS-BLED risk score and its incorporation into the new ESC AF guidelines. 



Table 3.6 Recommended antithrombotic strategies following coronary artery stenting in patients with AF at moderate-to-high thromboembolic risk (in whom oral 
anticoagulation therapy is required) [9,26] 

Haemorrhagic risk Clinical Stent Anticoagulation regimen 

setting implanted 



Lew or intermediate (e.g. HAS- Elective Bare-metal 1 month: triple therapy of VKA (INR 2.0-2.5) + aspirin £100 mg/day + clopidogrel 75 

BLED score 0-2) mg/day 

Up to 12 th month: combination of VKA (INR 2.0-2.5) + clopidogrel 75 mg/day b (or aspirin 
100 mg/day) 

Lifelong: VKA (INR 2.0-3.0) alone 



Elective Drug-eluting 



3 (-dirnus 3 group) to 6 (paclitaxel) months: triple therapy of VKA (INR 2.0-2.5) + aspirin 
<100 mg/day + clopidogrel 75 mg/day 

Up to 12 th month: combination of VKA (INR 2.0-2.5) + clopidogrel 75 mg /day b (or aspirin 
100 mg/day) 

Lifelong: VKA (INR 2.0-3.0) alone 



ACS 



metal/drug- 

eluting 



High (e.g. HAS-BLED score S3) Elective Bare-metal c 



6 months: triple therapy of VKA (INR 2.0-2.5) + aspirin <100 mg/day + clopidogrel 75 
mg/day 

Up to 12 th month: combination of VKA (INR 2.0-2.5) + clopidogrel 75 mg /day b (or aspirin 
100 mg/day) 

Lifelong: VKA (INR 2.0-3.0) alone 

2-4 weeks: triple therapy of VKA (INR 2.0-2.5) + aspirin £100 mg/day + clopidogrel 75 
mg/day 

Lifelong: VKA (2.0-3 .0) alone 



ACS 



Bare-metal c 



4 weeks: triple therapy of VKA (INR 2.0-2.5) + aspirin <100 mg/day + clopidogrel 75 
mg/day 

Up to 12 th month: combination of VKA (INR 2.0-2.5) + clopidogrel 75 mg /day b (or aspirin 
100 mg/day) 

Lifelong: VKA (INR 2.0-3 .0 alone) 



a Sirolimus, everdimus, and taerdimus; 



b Combination of VKA (INR 2.0-3 .0) + aspirin <100 mg/day (with proton pump inhibitor, if indicated) may be considered as an alternative; 



c Drug-eluting stents should be avdded as far as possible, but if used, consideration of more prdonged (3- 6 months) triple antithrombotic therapy is necessary. 
Reproduced with permission from European Heart Rhythm Association; European Association for Cardio-Thoracic Surgery, Camm AJ, Kirchhof P, Lip GY, et al. 
Guidelines for the management of atrial fibrillation: the Task Force for the Management of Atrial Fibrillation of the European Society of Cardidogy (ESC). Eur Heart J 
2010; 31: 2369-2429. Epub 2010 Aug 29 with permission and copyright of Oxford University Press. 
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Expert commentary by Professor Anthony Wierzbicki 

Case history 

A 40-year-dd company director presented to A&E with a 4-hour history of crushing central chest pain. His admission electrocardiogram (ECG) revealed deep T wave inversion 
in leads V1-V6. He was obese with a body mass index (BMI) of 35 kg/m 2 and xanthelasmata were noted around his eyes. His untreated non-fasting lipid profile on admission 
was: total cholesterol (TC) 9.5 mmol/L, triglycerides (TG) 3.9 mmol/L, high-density lipoprotein cholesterol (HDL-C) 0.9 mmol/L, and calculated low-density lipoprotein 
cholesterol (LDL-C) 6.5 mmol/L. Troponin Tat 12 hours was elevated at 1.2 ng/mL (0.00-0.01 ng/mL), confirming the diagnosis of anterior non-ST-elevation myocardial 
infarction (NSTEMI). Deemed high risk, he was started on atorvastatin 80 mg once daily (od) as part of the acute coronary syndrome (ACS) treatment regime. He underwent 
percutaneous coronary intervention (PCI) to his left anterior descending (LAD) artery the following day and a successful angiographic outcome was achieved. He was 
discharged home on day 4 after being given lifestyle advice from the cardiac rehabilitation nurse specialist. 

He was followed up eight weeks later by his general practitioner at which point his repeat lipid profile was: TC 4.3, HDL-C 1.2, and TG 1.3. His calculated LDL-C fraction was 
2.5 mmol/L. Despite high-dose statin therapy, he had not met optimal TC and LDL-C goals (TC 4 mmol/L and LDL-C 2 mmol/L) now approved by NICE [1], 
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The patient made no complaints of gastrointestinal side effects, but was concerned about muscle aches and pains, particularly in his calves. He had recently read a 
newspaper article about statins and new feared he may have developed a dangerous myositis. Despite this, he had maintained strict adherence to his treatment plan. 




Serum creatine kinase (CK) was measured and found to be only mildly elevated at 165 U/L (<130 U/L). Despite this reassuring result, he was not keen to continue on the 
atorvastatin even at a lewer dose. He was switched to lew-dose pravastatin, initially at 10 mg daily which was subsequently uptitrated to 80 mg nocte over a 6-month period. 
Given his difficulties with tolerating higher intensity statin therapy, a further review in a specialist lipid clinic was arranged. 



Learning point North American lipid targets 



Since the publication of Acute Treatment Panel III (ATP III) in 2004, the National Cholesterol Education Programme (NCEP) in the United States cite five major clinical trials 
of statin therapy that have addressed clinical endpoints not adequately covered in previous studies [5]. They have highlighted the Heart Protection Study (HPS), the 
Prospective Study of Pravastatin in the Elderly at Risk (PROSPER) study, the Antihypertensive and Lipid-Lcwering Treatment to Prevent Heart Attack Trial-Lipid-Lowering 
Trial (ALLHAT-LLT), the Anglo-Scandinavian Cardiac Outcomes Trial-Lipid-Lowering Arm (ASCOT-LLA), and the Pravastatin or Atorvastatin Evaluation and Infection 
Therapy (PROVE-IT) trial as having important implications for the management of those with lipid disorders, especially high-risk patients [6-10]. They suggest an 
additional benefit in aggressively treating those in the very high-risk subset (i.e. those with established coronary heart disease (CHD) who also have multiple risk factors, 
including diabetes and metabolic syndrome) to LDL levels <1.8 mmd/L. This new guidance supports the use of adding in alternative lipid-lowering agents to baseline 
statin therapy to achieve these goals [4], 
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I • Conclusion: There is a need to expand statin therapy to include this elderiy patient population in order to reduce the incidence of vascular-related events. 



(?; Landmark trial ALLHAT-LLT trial [8] 



• Combined primary and secondary prevention trial in 10,355 patients aged £55 years with moderate hypercholesterolaemia; 

• Fasting LDL-C of 3-5 mmd/L with no known CHD or LDL-C of 2.5-3 .5 mmd/L with known CV disease; 

• Pravastatin 40 mg daily vs placebo with mean fdlow-up at 4.8 years; 

• A 28% reduction in LDL-C from baseline; 

• No benefit in either the primary outcome (all-cause mortality) or the key secondary outcome (combined nan-fatal and fatal Ml); 

• Conclusion: Insufficient statistical power to demonstrate a clinical benefit resulting in an apparent null result 



Landmark trial ASCOT-LLA trial [9] 



• Randomized, double-blind, placebo-contrdled, 2 by 2 factorial primary prevention trial of blood pressure lowering and lipid lowering; 

• 10,297 European patients with hypertension and non-fasting TC concentrations of £6.5 mmd/L; 

• Atorvastatin 10 mg daily vs placebo; 

• Atorvastatin reduced LDL-C by 35% and TC by 24% after one year d fdlow-up; 

• The trial was originally planned for five years, but was stopped after a median fdlow-up of 3.3 years because of a significant 36% reduction in the primary outcome of 
CHD events (p=0.0005); 

• A 27% reduction in the secondary outcome of fatal and non-fatal stroke (p=0.0236), 21% reduction in total cardiovascular events, including revascularization 
procedures (p=0.0005), and a 29% reduction in total coronary events (p=0.0005); 

• Conclusion: Clear benefit d statin therapy in at-risk hypertensive patients with average or lower-than-average chdesterd concentrations. 



Three months later, he was reviewed in the specialist lipid clinic. His fasting profile now measured TC 5.3, HDL-C 2.0, and TG 1.3, giving an estimated LDL-C d2.7. A 
secondary cause tor his dyslipidaemia was excluded. Thyrdd, liver and renal function, fasting glucose, and a urine dipstick tor prdein were all within normal limits. There was 
no family history d premature cardiac death and the patient denied the consumption d any alcohd since his heart attack. His lipid profile history was reviewed and a diagnosis 
d mixed dyslipidaemia was made. After discussion with the patient, a decision was made to add in ezetimibe 10 mg daily. A repeat fasting profile eight weeks later showed 
the patient had achieved the lipid targets approved by NICE guidance 067 and no side effects had been reported. 



Q Clinical tip Statins and associated myopathy 



• If levels d CK exceed ten times the upper limit d normal (ULN), the statin should be stopped. 

• In patients with a normal CK, but persistent muscle pain, halving the dose d statin or switching to an alternative preparation like pravastatin are both reasonable 
strategies. 

• In patients taking statins, a form dsubclinical myositis is now recognized (through elevations in transaminases and CKfrom baseline levels) where persistent 
muscle pain may reflect structural muscle damage on a microscopic level, even in the absence d CK levels outside the reference range [11]. 

• In the large, placebo-controlled, randomized controlled trials (RCTs), there was no significant difference in the frequency d muscle symptoms between those on statin 
therapy and those on placebo [12]. 

• Even in those patients on higher intensity statins, in three out d four large RCTs reviewed by NICE, the incidence d myopathy is no greater than in those on lower 
intensity statins. The same is true for rhabdomydysis [10,13-15]. 

• Statins are generally well tolerated drugs although reports exist that some are better tolerated than others. Atorvastatin, simvastatin, and lovastatin are all oxidized by 
the cytochrome P450 (CYP450) 3A4. Pravastatin and rosuvastatin are nd metabolized by the P450 system and fluvastatin is metabolized by the CYP450 2C9 
isoenzyme. This difference in pharmacokinetics is thought to reflect the lower incidence d associated rhabdomydysis in patients on fluvastatin and pravastatin 
compared with those on atorvastatin, simvastatin, and lovastatin (0 vs 4.2 cases per 100,000 person years). These figures are drawn from large cohort studies [12]. 



Learning point Mixed dyslipdaemia and the metabolic syndrome 



This gentleman suffers from mixed dyslipidaemia as characterized by high TG, low HDL-C, and elevated LDL-C which almost certainly relates to his underlying obesity 
and the presence d the metabolic syndrome. This syndrome is closely linked to insulin resistance and is defined by a constellation d lipid and non-lipid risk factors d 
metabolic origin. The NCEP ATP III recognizes mixed dyslipidaemia (atherogenic dyslipidaemia) as the most common dyslipidaemia associated with metabolic syndrome 
and diabetes [5]. 

In the JUPITER trial, a primary prevention study (n=17,802) evaluating the effect d rosuvastatin compared with placebo in low-risk patients with LDL <3.4 and hsCRP £2 
mg/L, the prevalence d metabdic syndrome at baseline in both treatment and placebo groups was as high as 41%. ATP III recognizes low HDL-C as a major risk factor 
and elevated TG and small LDL-C particles as the emerging risk factors tor CV disease [16]. The higher CV disease risk in patients with diabetes and metabolic 
syndrome who are at target LDL-C levels with statin treatment may be explained, in part, by mixed dyslipidaemia in this group d patients. This is shewn in a substudy d 
the PROVE-IT trial that for each 10 mg/dL (0.11 mmd/L) reduction in on-treatment TG , the incidence d death, Ml, and recurrent ACS was lowered by 1.6% or 1.4% after 
adjustment for LDL-C or non-HD L-C and other covariates (p< 0.001 and p=0.01, respectively) [17]. There is a need for further treatment d mixed dyslipidaemia in patients 
on appropriate statin treatment and the addition dfibrates, niacin, and omega-3 fatty acids can improve the TG and HDL-C profiles. 
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Discussion 

Higher vs lower intensity statins 

To date, there have been five RCTs comparing higher and lower intensity statins in patients with CHD: PROVE-IT TIMI 22 and A-Z (in patients post-ACS), IDEAL (in patients 
with previous Ml), TNT (in patients with previous Ml and/or angina/revascularization), and SEARCH (in patients with previous CHD) [2,10,13-15]. None of these trials treated to 
a pre-specified target TC or LDL-C, although the achieved levels were lower in each of the higher intensity statin groups compared with the corresponding lower intensity 
statins. 

PROVE-IT TIMI 22 recruited patients within ten days of an ACS (29% had unstable angina (UA), 36% NSTEMI, and 35% STEMI). Two thirds of trial participants were 
revascularized for treatment of the index event. At recruitment, patients had to have a TC of >6.21 mmol/L. Patients were randomized to receive either higher intensity 
atorvastatin therapy (80 mg od) or lower intensity pravastatin therapy (40 mg od). At follow-up, patients in the atorvastatin group achieved lower levels of LDL-C compared with 
the pravastatin group (1.60 vs 2.46) and patients in the pravastatin group achieved higher HDL-C levels. During a mean follow-up of 24 months, there was no significant 
reduction in death from any cause or reinfarction with the higher intensity therapy. There was, however, a 28% risk reduction in the primary outcome (a composite of all-cause 
mortality, Ml, documented UA requiring rehospitalization, revascularization, or stroke) with higher intensity therapy. Similarly, higher intensity therapy was associated with a 
14% reduction in the secondary outcome which was a composite of CV death, non-fatal Ml, or revascularization [10], 

A to Z (Aggrastat to Zocor) was the first large RCT to compare early intensive slatin therapy with delayed lower intensity statin therapy. This trial consisted of two overlapping 
phases. The first phase was an open-labelled trial comparing enaxaparin with unfractionated heparin in patients with non-ST-elevation ACS who were treated with tirofiban and 
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aspirin. The second phase recruited patients from the first phase who had initially stabilized (tor at least 12 consecutive hours within five days of symptom onset). In addition, 
recruits had at least one of the following characteristics: age over 70 years, diabetes mellitus, prior history of coronary artery disease, peripheral arterial disease, or stroke. 
Subsequently, the protocol was amended to allow patients with non-ST-elevation ACS who were not enrolled in the first phase and also patients with STEMI to enter into the 
second phase directly (overall 60% NSTEMI and 40% STEMI). This trial of patents compared receiving 40 mg/day of simvastafn for one month followed by 80 mg/day 
thereafter (n=2,265) with placebo for four months followed by 20 mg/day of simvastatn (n=2,232). Early high intensity statin therapy decreased LDL levels by 39% compared 
with baseline levels during the first month of therapy and then by a further 6% fbllcwing an increase in simvastatin dosage to 80 mg. Fa the delayed conservative treatment 
group, LDL levels increased by 11% during the 4-month placebo period, then decreased from baseline by 31% after four months of therapy with simvastatin 20 mg od. The 
placebo/lcw-dose simvastatin group achieved an LDL-C of 3.20 mmol/L at one month and 2.0 mmol/L at eight months with 20 mg simvastatin. The simvastatin only group 
achieved an LDL-C of 1 .8 mmol/L at one month and 1 .6 mmol/L at eight months on 80 mg simvaslatin. Fa the primary endpoint (combination of CV death, non-fetal Ml, 
readmission for ACS a stroke), early higher intensity statin therapy did not confer benefit compared with delayed lower intensity therapy. No difference was evident during the 
first four months between the groups fa the primary endpoint, but from tour months in the primary endpoint, it was significantly reduced in the simvastatin only group (hazard 
ratio 0.75, 95% Cl, 0.60-0.95, p=0.02). Myopathy (CK greater than ten times the ULN associated with myalgia) occurred in nine patients (0.4%) receiving simvastatin 80 mg. 
There was a reduction in the incidence of new onset congestive heart failure in the early intensive treatment group, but the trend in reduced incidence of CV-related death did 



not quite reach significance [15]. 




Expert comment 




Obesity is often forgotten as a contributory cause tor hyperlipidaemia and weight reduction remaii 
improving blood pressure control. 


ns the first-line therapy, not only improving lipid profiles but also 




IDEAL was an open-labelled, randomized trial in patients with pria Ml (median time since last Ml was 22 months). Most trial participants were taking aspirin and beta- 
blockers, but almost two thirds were not taking angiotensin-converting enzyme (ACE) inhibitors a angiotensin recepta blockers (ARBs). Patients were assigned to atorvastafin 
80 mg od a simvastatin 20 mg od. Further drug titration could be undertaken at 24 weeks within the study protocol, based on achieved TC levels. At the end of the study, 23% 
were treated with simvastatin 40 mg daily and 13% with atorvastafin 40 mg daily. Mean LDL-C levels were 2.7 mmol/L fa those taking simvastatin and 2.1 mmol/L in the 
atorvastafin group. During a median follow-up of 4.8 years, there were no differences in CV a all-cause mortality a in the primary endpoint of maja caonary events (defined as 
CV death, hospitalization for non-fatal acute Ml a cardiac arrest with resuscitation) between the two treatment groups. There was a reduction in the non-fatal Ml component of 
this primary endpoint with atorvastafin therapy. Atorvastafin was associated with a reduction in the secondary endpoint of any CHD event and also a reduction in any maja CV 
event compared with simvastatin [13]. 

TNT recruited patients with clinically evident stable CHD (59% had a pria Ml, 82% angina). To ensure that at baseline, all patients had LDL-C levels consistent with the then 
current guidelines tor the treatment of stable CHD, patients with LDL-C levels between 3.4 and 6.5 entered an 8-week run-in period of open-labelled treatment with 10 mg of 
atorvastafin od. At the end of the run-in phase, those patients with a mean LDL-C of less than 3.4 were randomized. Patients were assigned to either high intensity atorvastafin 
(80 mg od) a lower intensity atorvastafin (10 mg od). The trial follow-up was tor a median of 4.9 years. Mean LDL-C levels during the study were 2.0 in the higher intensity 
group and 2.6 in the lower intensity arm. There was a 22% reduction in the primary endpoint (defined as the combination of CV death, non-fatal non-procedural Ml, resuscitation 
after cardiac arrest, and fatal a non-fatal stroke) in patients treated with high-dose atorvastafin. Higher intensity treatment was also associated with a lower incidence of the 
following secondary outcomes: maja caonary a cerebrovascular event, hospitalization fa congestive heart failure, and any CV or caonary event. There was no difference in 
all-cause mortality between the two cohorts [14], 

The SEARCH study is the largest randomized trial to assess directly the efficacy and safety of lowering LDL-C using simvastatin. It recruited 12,064 men and women with a 
history of Ml: 6,031 were randomized to 80 mg simvaslatin daily, and 6,033 were given 20 mg simvastatin daily. During an average of 6.7 years of treatment, the 80 mg 
simvastatin regimen lowered LDL-C by an average of 0.35 mmol/L mae than the 20 mg simvastatin regimen. This additional reduction in LDL-C was associated with a non- 
significant 6% reduction in CV events [2], 

A meta-analysis of the early studies concluded that higher intensity statin therapy did not confer any significant benefit over lower intensity statin therapy fa the outcomes of all- 
cause mortality and CV or non-CV mortality. Higher intensity statin therapy was associated with a reduction in the combination of caonary death a Ml, stroke and caonary 
death a any CV event [19,20], An updated meta-analysis of low vs high dose statin trials by the Cholesterol Treatment Trialisfs’ (CTT) collabaation has shown that these are 
consistent with the results previously published for the statin vs placebo studies implying a 1 1% extra reduction in events fa the extra 0.5 mmol/L achieved in these studies 
(available at: www.ctsu.ox.ac.uk/prqjects/ctt). 

Are targets such a good thing? 

There has been considerable debate as to whether treating patients to a specified target should be our objective. Supporters of targets quote the log linear hypothesis from the 
CTT collabaation that confirmed Tower is better” fa LDL-C [21], This study showed a proportional reduction in the CV event rate of 23% per 1 mmol/L reduction in LDL-C. This 
was largely independent of the presenting cholesterol level. It is worth appreciating that although the relative risk reduction remains constant, at lower cholesterol levels, there is 
a smaller absolute reduction in events and it is the absolute reduction in events that determines cost-effectiveness. 

There are also concerns that patients may be left under-treated if targets are not set in stone. Opponents of setting targets argue that none of the maja trials treated to a pre- 
specified target TC a LDL-C, but rather used specific drugs to treat patients. The greatest LDL-C reduction is made with the first dose of statin with an average of 6% further 
LDL-C reduction when the dose is doubled [1], Thus lower cholesterol levels fa individual patients may be achieved by using higher intensity statins, but fa each doubling of 
dose, there is a smaller absolute reduction in events. Following the Heart Protection Study, a strong argument was made that all CHD patients should receive statin therapy 
irrespective of lipid profile [6], Indeed, some proposed that lipid measurements were no longer required; after all, platelet function is not routinely measured with aspirin or 
clopidogrel therapy. 

When to start and at what dose? 

A to Z (Aggrastat to Zoca) was the first large RCT to compare early intensive statin therapy with delayed lower intensity statin therapy. This trial, though negative in its primary 
endpoint, suggested that early statin-based therapy might be better in reducing future events than delayed treatment with a standard dose [15]. 
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In those high-risk patients undergoing intervention, the argument for initiating early higher intensity statin therapy was recently strengthened by the ARMYDA-ACS (Atorvastatin 
for Reduction of Myocardial Damage During Angioplasty) trial [22], Patients with UA/NSTEMI were randomized to receive 80 mg atorvastatin at 12 hours and 40 mg atorvastatin 
at two hours before intervention or placebo. This demonstrated that short-term pre-treatment with atorvastatin improved outcomes in patients with ACS undergoing an early 
invasive strategy. Pre-treatment with high-dose atorvastatin conferred an 88% risk reduction in 30-day major adverse cardiac events (MACE) compared with placebo 
supporting the routine use of high-dose statins before intervention. This benefit was essentially driven by a reduction in periprocedural Ml as defined by biomarkers. After PCI, 
the proportion of patients with elevated levels of CK-MB and troponin I was significantly lower in the treatment arm (CK-MB 7% vs 27%, p<D 0.001; troponin I 41% vs 58%, 
p<D 0.039). 



The ARMYDA trial in patients with stable angina, which preceded ARMYDA-ACS, showed that 7-day pre-treatment with atorvastatin was associated with an 81% risk 
reduction of periprocedural Ml in those undergoing elective PCI [23]. Similarly the Novel Approaches tor Preventing or Limiting Events (NAPLES) II trial has shown that in 
patients undergoing elective PCI, a single dose of 80 mg atorvastatin reduced the incidence of peri-procedural Ml [24], The possible mechanisms underlying the early 
protective effect of atorvastatin are unclear, but are unlikely to be due to cholesterol-lcwering effects, which would intuitively require a longer duration of treatment. This 
phenomenon has been largely attributed to the so called ‘pleiotropic’ effects of statins. 




Conclusion 



In patients presenting with ACS, there is now considerable evidence to support the early use of higher intensity statins as supported by the latest NICE guidance. In those 
undergoing PCI, there is increasing data to support even an 'upstream' use of such agents. The primary goal of lipid therapy is to reduce TC and LDL-C to pre-defined targets. 
Ezetimibe remains an attractive addition to achieve LDL-C goals when statin monotherapy is inadequate or associated with side effects such as myopathy. In patients with 
metabolic syndrome as reflected by mixed dyslipidaemia, even if NICE targets of ‘4 and 2' are achieved, a residual risk of CV disease remains secondary to low HDL-C and 
elevated TG levels. Statins have little effect on the HDL-C side of the risk equation and are only slightly better at addressing adverse TG profiles. Where this situation arises, 
combination therapy with fibrates, niacin, or omega-3-fetly acids warrants careful consideration. 



A final word from the expert 



This case is typical of high-risk populations presenting with acute chest pain. Lipids should be measured immediately on admission as cytokine-induced reductions in 
LDL-C and HDL-C occur within 24 hours and persist tor at least one month post-angioplasty and up to three months tor coronary bypass grafting. A number of biochemical 
markers, including troponin levels, CRP, and BNP levels predict prognosis at one year. The introduction of ultrasensitive troponin assays will probably result in a further 
reclassification of ACS, especially tor UA with a recognition that prognosis will relate to the peak troponin level achieved. 

After initial stabilization and intervention (if appropriate), patients should be discharged on high-dose statin as only 30% of patients will achieve an LDL-C of 2 mmol/L on 
simvastatin 40 mg so most will require 80 mg atorvastatin (or 20-40 mg rosuvastatin). The reduction of 0.4-0 .5 mmol/L in LDL-C produced with high-dose modern statins 
is likely to reduce subsequent events by 11%. Simvastatin 80 mg, though recommended in the NICE guidelines of 2008, has been superseded following the presentation 
of the results of the SEARCH trial where increased therapy with 80 mg compared with 20 mg (let alone 40 mg) was ineffective and resulted in a large increase in myositis 
events. Patients sensitized to statins by the presence of myositis may require a statin-free treatment period of up to two years before they can be successfully 
rechallenged. 

If patients do not reach LDL-C targets, then there is no evidence as yet to support any of the additional lipid-lcwering drugs. Ezetimibe reduces LDL-C by 23%, but has not 
shown benefits on surrogate markers of atherosclerosis (carotid intima media thickness, ENHANCE trial) or events (in combination with simvastatin) in patients with aortic 
stenosis (SEAS study) [26,27], However, these studies may have either been confounded (ENHANCE) or underpowered (SEAS) so it will require the IMPROVE-IT study to 
show the benefits of ezetimibe in ACS in 2015 [28]. Some fibrates (fenofibrate, bezafibrate) can reduce LDL-C and there is evidence that fibrates can reduce non-fatal 
myocardial events, but as yet no evidence exists for endpoint benefit in fibrate-statin combination therapy and there is an increased risk of rhabdomyolysis with all 
combinations involving gemfibrozil [29], Niacin reduced CV events as monotherapy in the Coronary Drug Project and improved both coronary mean lumen diameter 
(HATS) and carotid intima media thickness (cIMT) (ARBITER-2 and -3) when added to statin therapy. Niacin-statin therapy was superior to ezetimibe-statin combination 
therapy in reducing cIMT in the ARBITER-6 trial [30]. Endpoint trials with niacin in dyslipidaemic post-MI patients (AIM-HIGH) and patients with CV disease (HPS- 
2/THRIVE) with optimized LDL-C are underway. 

This patient has severely elevated cholesterol levels and elevated TGs. The potential diagnoses once secondary causes have been excluded include familial 
hyperchdesterolaemia (FH) allied with metabolic syndrome, a secondary hypertriglyceridaemia or a remnant hyperlipidaemia (assessed by apolipoprotein E genotype) or 
familial combined hyperlipidaemia (FCH) [31]. Familial hypercholesterolaemia needs to be diagnosed if present, in line with NICE guidance CG71 [32], The patient's 
family (including children) should have both cholesterol and TG levels checked. The patient should be examined for the presence of tendon xanthomata to assess whether 
he meets the Simon Broome criteria for FH. In any case, treatment should be considered in line with the NICE FH guidelines with the aim of reducing LDL-C by 50% from 
baseline in line with evidence from the ASAP trial. If FH is suspected, then a genetic test for LDL receptor (LDLR), apolipoprotein B LDLR binding domain, and PCSK-9 
mutations should be carried out. If a mutation is found, then lipid levels and genotypes need to be checked in all blood relatives after systematic family (cascade) testing 
and treatment instituted. If no FH mutation is found, then the diagnosis by exclusion is FCH which carries a similar risk of premature CHD, but the lipid phenotypes in 
relatives tend to be diverse and dependent on other factors, including age, gender, and insulin resistance-related risk factors. 



Learning point Diagnostic criteria for definite familial hypercholesterolaemia using the Simon Broome register 



• If aged <16 years: TC >6.7 mmol/L or LDL-C >4.0 mmol/L; or 

• In an adult: TC >7.5 mmol/L or LDL-C >4.9 mmol/L; 

Plus 
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• Tendon xanthomas in the patient or in a first-degree relative (parent, sibling, child) a in a second-degree relative (grandparent, uncle, aunt); or 

• DNA-based evidence of an LDLR mutation or a familial defective apo B-100. 
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Expert commentary by Dr Fiona Walker 

Case history 

An 18-year-dd woman with a mechanical mitral valve (St Jude 31 mm) was referred to a high-risk obstetric service having had an unplanned pregnancy of six weeks’ 
gestation. There was a background history of a primum atrial septal defect which had been surgically repaired at the age of 4 years. By the age of 12, she had developed 
significant mitral regurgitation which required valve replacement. At 13 years of age, she had infective endocarditis (IE) which was successfully treated with intravenous 
antibiotics. More recently, she had had episodes of persistent atrial flutter with one tailed attempt at DC cardioversion. 
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Conversely, mechanical heart valves have excellent durability, but are highly thrombogenic and require lifelong anticoagulation with warfarin. In pregnancy, they are 
associated with a high number of maternal, obstetric, and fetal complications. 

— 



At the point of referral, the patient was eight weeks’ pregnant. She was in permanent atrial flutter. Her medications included aspirin, warfarin, and amiodarone. At this point, the 
amiodarone was stopped due to its feto-toxicity and replaced with metoprdol 50 mg twice daily (bd) to maintain effective rate control. The plan was to continue with medical 
therapy during pregnancy unless the arrhythmia became poorly tolerated. The long-term plan was to refer to an electrophysidogist for curative treatment postpartum. She 
received counselling on anticoagulation and opted for lew mdecular weight heparin (LMWH). 



Q Clinical tip Infective endocarditis in pregnant patients with prosthetic heart valves 



Patients with a previous history of IE have a greater risk of recurrence and higher mortality rate during pregnancy. Therefore, non-specific symptoms such as lethargy and 
anorexia in such a patient should be taken seriously. Maternal mortality from IE is estimated at 33% with a fetal mortality of 29% [8], Current National Institute of Health and 
Clinical Excellence guidelines do not recommend antibidic prophylaxis for genitourinary procedures unless there is established infection at the time of the procedure. 
Antibiotic prophylaxis is hence not formally indicated for women with prosthetic valves at the time of delivery [9], 



FE 



pert comment 



Although many cardidogists in the UK are adhering to the NICE Guidance on endocarditis prophylaxis, there is some flexibility in the recommendations, allowing clinicians 
to manage their patents on an individual basis. Many cardidogists consider those with mechanical valves and/or a past history of IE to be at significant risk of subsequent 
IE and therefore, would advise endocarditis prophylaxis tor vaginal or operative delivery. 



Learning point Mechanical heart valves in pregnancy 



Women with mechanical heart valves are at high risk during pregnancy, predominantly due to valve thrombosis (Figure 5.1), with reported maternal mortality rates of up to 
4% [10]. Pregnancy is a hypercoagulable state due to increased levels of fibrinogen, factors VII, VIII and X, decreased levels of protein S activity, and venous 
hypertension and stasis [11]. In the non-pregnant state, risk factors for valve thrombosis include subtherapeutic anticoagulation, type of valve prosthesis (size and 
position), presence of arrhythmias, left atrial size, and a prior history of thrombosis (Table 5.2). Pregnancy increases these predefined risks and hence it is paramount that 
anticoagulation is therapeutic at all times in order to avoid thromboembolic complications. At present, there is a lack of consensus between the American and European 
guidelines regarding the optimum choice of anticoagulant in these patients (Tables 5.3 and 5.4). The European guidelines consider warfarin the anticoagulant of choice and 
feel that there is insufficient evidence to support the use of LMWH, whilst the American Heart Association consider both warfarin and LMWH as acceptable treatment 
options [12-14], 




Figure 5.1 

Pathological specimen of a thrombosed mitral valve prosthesis. 



Table 5.2 Factors that convey a greater risk of valve thrombosis 

• Certain prosthetic valves such as the single tilting and ball-and-cage valves convey a higher risk than others: 

• Suboptimal anticoagulation 

• Position (mitral and tricuspid valves have higher thrombotic risk) 

• Past arrhythmias 

• Past history of thromboembolism 
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Table 5.3 ACC/AHA (class I) recommendations for ant'coagulation during pregnancy in patients with mechanical prosthetic valves 

All pregnant patients with mechanical prosthetic valves must receive continuous therapeutic anticoagulation with frequent monitoring. 

For women requiring long-term warfarin therapy who are attempting pregnancy, pregnancy tests should be monitored with discussions about subsequent 
anticoagulation therapy so that anticoagulation can be continued uninterrupted when pregnancy is achieved. 

Pregnant patients with mechanical prosthetic valves who elect to stop warfarin between weeks 6 and 12 of gestation should receive continuous intravenous UFH, 
dose-adjusted UFH, or dose-adjusted subcutaneous LMWH. 

For pregnant patients with mechanical prosthetic valves up to 36 weeks of gestation, the therapeutic choice of continuous intravenous or dose-adjusted subcutaneous 
UFH, dose-adjusted LMWH, or warfarin should be discussed folly. If continuous intravenous UFH is used, the fetal risk is lower, but the maternal risks of prosthetic 
valve thrombosis, systemic embolization, infection, osteoporosis, and heparin-induced thrombocytapaenia are relatively higher. 

In pregnant patients with mechanical prosthetic valves who receive dose-adjusted LMWH, the LMWH should be administered twice daily subcutaneously to maintain 
the anti-Xa level between 0.7 and 1.2 U/mL four hours after administration. 

In pregnant patients with mechanical prosthetic valves who receive warfarin, the INR goal should be 3.0 (range 2.5-3 .5). 

In pregnant patients with mechanical prosthetic valves, warfarin should be discontinued and continuous intravenous UFH given starting two to three weeks before 
planned delivery. 

Boncw RO, Carabello BA, Chatterjee K, et al. ACC/AHA 2006 guidelines for the management of patients with valvular heart disease. J Am Coll Cardiol 2006;48:e1- 
148. 

Table 5.4 ESC recommendations for anticoagulation during pregnancy in patients with mechanical prosthetic valves 

As LMWH is not approved for use in prosthetic heart valve patients in pregnancy due to the high risk of thrombosis and as subcutaneous UFH carries a similar high 
risk, the strategies which should be discussed with the patient are: 

Heparin during the first trimester (to avoid warfarin embryopathy) followed by oral anticoagulation up to week 36 with subsequent replacement by heparin until 
delivery; or 

Oral anticoagulation throughout pregnancy until week 36, followed by heparin until delivery. 

Because of the high rate of maternal complications with heparin therapy, particularly when given throughout pregnancy, the committee strongly recommends strategy 
(b). 

Vahanian A, Baumgartner H, Bax J, et al. Guidelines on the management of valvular heart disease: the Task Force on the Management of Valvular Heart Disease of 
the European Society of Cardiology. Eur Heart J 2007;28:230-6. 



Due to poor compliance with LMWH, her medication was changed back to warfarin in the second trimester. At twenty weeks, the fetus suffered a fatal intracerebral bleed. 
During this period, she was receiving 8 mg of warfarin daily and her INR at the time of the event was optimal at 3.3. 




LMWH anticoagulation can only be used in pregnancy if the patient is compliant with administering the injections, and the monitoring of the anti-Xa levels is meticulous. 
Any lack of patient compliance can have catastrophic consequences (e.g. valve thrombosis, stroke, death), which is why in this case, the patient was converted back to 
warfarin. 
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A comprehensive mela-analysis of 1 ,234 pregnancies in 976 women by Chan et al. demonstrated a 25% incidence of maternal thromboembolism if adjusted dose UFH 
was used for the duration of pregnancy [1]. UFH has been shewn to carry a 2.2% risk of heparin-induced osteoporotic fractures and a 2-3% risk of heparin-induced 
thrombocytopaenia (HIT), an immune reaction associated with venous thrombosis. This has led to the use of LMWH as an alternative agent. It is already accepted as the 
anticoagulant of choice to prevent and treat venous thromboembolism in pregnancy, but there is little information with respect to its efficacy and safety for anticoagulating 
patients with mechanical valves in pregnancy. 

LMWH, a derivative of UFH, can be administered as a twice-daily subcutaneous injection. LMWH has improved bioavailability (85%) and a longer half-life, which 
provides a more consistent anticoagulant effect over 24 hours when compared with UFH. It also has a lew incidence of HIT (<1 %) and osteoporosis [20]. 

In pregnant women, the clearance and volume of distribution of LMWH are increased due to weight gain and increases in plasma volume and glomerular filtration rate [21]. 
The most recent meta-analysis of its use for mechanical valves in pregnancy reported an 8.64% incidence of valve thrombosis [22], This is worryingly high; however, 

90% of the valve (mitral) thromboses occurred in patients on a fixed dose treatment regime. In the 51 cases where anti-Xa levels were monitored regularly with appropriate 
dose adjustment, there was only one thromboembolic event. It is now recommended that LMWH is given twice daily and the dose adjusted to maintain a target anti-Xa of 
between 0.8 and 1.2 U/mL four hours after administration. In order to adjust the dose of LMWH to maintain these levels during the physiological changes in pregnancy, 
anti-Xa levels should be monitored regularly (at least every two weeks) [23]. 



Expert comment 



Data to support the use of LMWH anficoagulation for mechanical valves in pregnancy is accumulating, but remains limited. The optimal anti-Xa for mechanical aortic and 
mitral valves is not known and in some centres, mitral valve thrombosis has occurred with anti-Xa levels between 0.8 and 1.0 U/mL. In our unit, the anti-Xa is kept 
between 1.0 and 1.2 U/mL for mitral valve replacement (MVR) and between 0.8 and 1.0 U/mL for aortic valve replacement (AVR), with good outcomes thus far. We also 
give concomitant aspirin to patients with MVR. 



A year later, at the age of 19, she became pregnant again. She had not attended her electrophysiology appointment and thus remained in rate-controlled atrial flutter. In view of 
her previous fetal loss whilst on warfarin, she opted for LMWH anficoagulation in combination with aspirin for the duration of her pregnancy. Her anti-Xa level was monitored 
every two weeks, with LMWH dose adjustment to maintain anti-Xa levels at 1 .0-1 .2 (four hours post-dose). Her starting dose was 8,000 IU bd and in her third trimester, she 
required 13,000 IU bd. 



||yv Learning point Aspirin in pregnancy 



Aspirin has been commonly used in pregnancy and hence there is a better understanding of its safety compared with other drugs [24], Low doses such as 75 mg daily 
appear to have beneficial effects in pregnancies complicated by systemic lupus erythematosus and anfiphospholipid antibodies [25], These benefits extend to the 
prevention of pregnancy-induced hypertension and pre-eclampsia as well as in those women deemed to be at high risk of thromboembolism [26,27], Although higher 
doses of aspirin and other non-steroidal anti-inflammatory drugs (NSAIDs) can be toxic to the fetus, low doses have been shewn to be safe throughout pregnancy [28]. In 
addition to warfarin or heparin in pregnancy, current guidelines recommend concomitant use of aspirin in women who are at high risk of thromboembolism. In this case, the 
arrhythmia and mitral position of her mechanical valve placed her in this high-risk category [12,13]. 



During this pregnancy, she developed intra-chorionic bleeding and intrauterine growth retardation (IUGR). Her case was therefore discussed at a high-risk multidisciplinary 
team (MDT) meeting and plans were made to deliver the baby at 35 weeks' gestation by elective Caesarean section. The LMWH was stopped 12 hours prior to delivery. She 
had an uncomplicated procedure under general anaesthetic and was given a prophylactic dose of LMWH six hours post-operafively (5,000 IU). The baby weighed 1.5 kg and 
was admitted to the special care baby unit for 48 hours. The baby was healthy and had no congenital anomalies. The day after delivery, the mother restarted fell-dose 
therapeutic LMWH bd and on day 5, she restarted warfarin. Once she had achieved a therapeutic INR, LMWH was stopped on day 7 and mother and baby were discharged 



Learning point Valve thrombosis in pregnancy 



The diagnosis of valve thrombosis should always be considered in patients who present with progressive dyspnoea, orthopnoea, dry cough, or worsening peripheral 
oedema. Some will present acutely in pulmonary oedema. Cerebral, coronary, and peripheral embolization have been noted in up to 25% of cases of valve thrombosis 
[28]. Echocardiography may demonstrate thrombus on the valve and Doppler studies will show an increased flew gradient across the valve (Figures 5.2 and 5 . 3 ). The 
management of this complication is challenging and is dependent on the clinical status of the patient and the gestational age of the fetus. If the mother presents acutely in 
pulmonary oedema and the fetus is viable, emergency delivery should be undertaken followed by emergency valve replacement. If, however, the patient is clinically 
stable, other treatments such as intravenous UFH or thrombolytic therapy can be considered. The success rate of thrombolysis in this context is between 85 and 93% 
with lewer mortality rates when compared with surgery [29-31]. Recombinant tissue plasminogen activator does not cross the placenta and a recent review of 28 case 
reports of its use in pregnancy found an 8% rate of fetal loss [32], Cardiopulmonary bypass during pregnancy is high-risk with maternal mortality rates of 3-15% and fetal 
mortality rates of 20-33% reported [33], Therefore, thrombolytic therapy should be used as first-line therapy when managing valve thrombosis in pregnancy unless the 
patient is haemodynamically unstable and requires urgent surgical intervention. 
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Figure 5.2 

Continuous wave Doppler across a thrombosed prosthetic mitral valve showing increased flow gradients (arrows). 




Figure 5.3 

Transoesophageal echocardiogram demonstrating thrombus material on a mitral valve prosthesis (arrow). LA = left atrium, LV = left ventricle. 



o V 

Discussion 

Pregnancy in women with prosthetic heart valves is high-risk. The increased maternal mortality in these patients is mainly due to valve thrombosis, which in turn is due to the 
lack of an ideal anticoagulant for mechanical valves in pregnancy. Drenthen et al. recently identified mechanical valve prosthesis as a strong predictor of maternal and foetal 
risk in pregnancy [34], 






pert comment 



Mechanical valve thrombosis during pregnancy is a catastrophic event. At best, the patient presents with pulmonary oedema and at worst, with a dense stroke and 
pulmonary oedema. Any pregnant woman with a mechanical valve who complains of worsening dyspnoea should, therefore, have an urgent chest X-ray and 
echocardiogram, even if anticoagulation has been optimal. All valve gradients increase over the duration of pregnancy and can even double as a consequence of the 
increased cardiac output, but this should not happen rapidly. If there is any doubt about the function or appearance of a valve on a transthoracic echo, a transoesophageal 
echocardiogram should be performed. If a valve thrombosis is missed, the stakes are high with stroke or death the likely outcome. 



It is crucial that young women with mechanical valve replacements are made aware of the risks when embarking on pregnancy. More importantly, all young women requiring 
valve surgery should be thoroughly counselled before undergoing the procedure. This should enable them to make an informed decision regarding their choice of valve 
implantation. Counselling must cover potential issues with the valves themselves and the risks of anticoagulation and future pregnancies. All women with mechanical valves 
should be cared for by an MDT during pregnancy (cardiologist, haematologist, obstetrician, and anaesthetist) with meticulous monitoring of their anticoagulation, irrespective of 
whether warfarin or heparin is used. 
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Case history 

A 71-year-dd gentleman attended his local cardiology clinic tor routine surveillance of his aortic stenosis (AS). A transthoracic echocardiogram (TTE) conducted a year earlier 
had revealed a tricuspid aortic valve (AV) with a mean AV gradient of 32 mmHg, peak gradient of 52 mmHg, and a valve area of 1.3 cm 2 . Left ventricular (LV) systolic function 
was preserved with an ejection traction estimated at 55%. The right heart was dilated with good systolic function and pulmonary artery systolic pressure was elevated at 50 
mmHg. The echocardiographic parameters were consistent with moderate AS, and had deteriorated significantly compared with the previous year's scan. 

He now complained of a recurrence of angina and marked breathlessness on exertion, limiting him to a walking distance of fifty yards. He denied syncope, pre-syncope, or 
palpitations. A review of his history revealed extensive comorbidities, including previous percutaneous coronary intervention (PCI) to the right coronary artery (RCA) and left 
anterior descending artery (LAD), paroxysmal atrial fibrillation (PAF), hypertension, hyperchdesterolaemia, type II diabetes mellitus, symptomatic peripheral vascular 
disease, and chronic renal impairment (baseline creatinine of 205 micromol/L). He drank very little alcohol and had never smoked. His medical therapy included aspirin, 
atorvastatin, amlodipine, ramipril, furosemide, doxazosin, lanzoprazole, and insulin. 

Clinical examination revealed an ejection systolic murmur radiating throughout the precordium with a soft aortic component to the second heart sound. There was no evidence of 
cardiac failure. A repeat TTE during the consultation now confirmed severe AS (Table 6.1) with a mean gradient of 50 mmHg, peak gradient of 90 mmHg, a valve area of 0.7 
cm 2 , and preserved LV systolic function. His pulmonary artery systolic pressure was estimated at 65 mmHg. As this represented a significant deterioration in symptoms and 
exercise tolerance, he was admitted to hospital for further investigations. 



w to grade the severity of AS (adapted from ACC guidelines 2006) [1] 

Mild Moderate Severe 



Peak velocity (m/s) 
Peak gradient (mmHg) 
Mean gradient (mmHg) 
Valve area (cm 2 ) 



2.0-3 .0 
16-35 



3. 0- 4.0 
36-65 
25-40 

1.0- 1 .5 



Of * pe 



Q * pe 
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increasing mortality. The ‘system’ of any institution needs to be able to react quickly and appropriately at this point to changes in the patient's condition. 



The patient had rapidly progressed to severe symptomatic AS and required consideration far aortic valve replacement (AVR). He was not keen on surgical intervention, but 
having been counselled on a very poor prognosis without surgery (Figure 6 . 4 ), he agreed to proceed with further investigations. A repeat coronary angiogram revealed diffusely 
calcified coronary arteries with patent stents in the LAD and RCA and no new flow-limiting disease. 




Figure 6.4 

Mean survival of patients with symptomatic aortic stenosis. Reprinted with permission from Carabelloand Paulus [2], 
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Measurements required for the continuity equation (this figure was published in Essential Echocardiography, 1 st edition, A. Ryding, p. 89, copyright Elsevier 2008). 




Figure 6.2 

Parasternal long axis (PSLAX) view: 2D measurement of the left ventricular outflow tract (LVOT) diameter for the continuity equation beneath a heavily calcified aortic 
valve. RV = right ventricle; Ao = aorta; LA = left atrium; MV = mitral valve; LV = left ventricle. 




Figure 6.3 

Apical 5-chamber view: continuous wave Doppler through the aortic valve (AV) for the velocity time integral (VTI) measurement. Taking a trace of the Doppler signal 
(arrow) allows for calculation of the maximum and mean gradients across the AV. 






pert comment 



Echocardiographic assessment of AS can be difficult. In the presence of good LV function, the peak and mean Doppler gradients provide adequate information. However, 
once LV function is reduced, the aortic valve area must be calculated. This must be done carefully as there is significant potential for error, particularly when measuring 
the LV outflow tract, and should also be interpreted in keeping with the clinical and radiographic findings. There is also a developing concept of low-flow aortic stenosis in 
the setting of preserved LV function, but this is relatively unusual. 



Learning point When to operate in AS? 



Once patients with severe AS become symptomatic, their prognosis is poor (Figure 6 . 4 ). They require a prompt mechanical solution to the outflow obstruction via AVR. 

Asymptomatic patients with severe stenosis are more difficult to manage. Generally, this group of patients have an excellent prognosis without valve replacement. The 
caveat is that approximately 1% of asymptomatic patients will die unexpectedly or will deteriorate rapidly enough to become symptomatic and die suddenly before 
seeking medical attention [2,3]. 

Some experts advocate risk stratification of this high-risk subset of asymptomatic patients although this can prove to be very challenging. Exercise testing may unmask a 
limited exercise capacity, show abnormal blood pressure responses, or even exercise-induced symptoms [4,5,6]. If these ominous features are shown, then these 
patients should probably undergo AVR although at present, there are no definitive data to shew that this high-risk group would prognostically benefit from such an 
intervention. Ultimately, asymptomatic patients should be followed up closely to allow prompt surgical referral should symptoms develop. 
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Given the extent of this gentleman's comorbidities, the case was subsequently presented at a multidisciplinary team (MDT) meeting attended by interventional cardiologists, 
cardiothoracic surgeons, and cardiac anaesthetists. The patient's predicted mortality was calculated from cardiac surgery scoring systems and ranged from >20% (Logistic 
Euroscore) to 9.6% (Society of Thoracic Surgeons). The surgical opinion deemed the risks of conventional AVR to be unacceptably high, and trans-catheter aortic valve 
implantation (TAVI) was thought to be the better option. The patient was quoted a 10% risk of mortality with TAVI and was subsequently transferred to a tertiary referral centre for 
evaluation of his suitability for the procedure. 

The patient's TAVI work-up included transoesophageal echocardiography (TOE). This confirmed severe AS with preserved biventricular function. The mitral valve (MV) was 
calcified with mixed mild stenosis and regurgitation and in addition, pulmonary hypertension was noted. Accurate assessment of the AV annulus was difficult due to some 
shadow artefacts from the calcified valve, but was measured at 29 mm. A subsequent computed tomography (CT) aortogram confirmed this as the annulus size, but also 
demonstrated significant peripheral vascular disease with eccentric areas of calcification involving the ilio-femoral vessels. The minimum diameter of these vessels at certain 
points was less than 7 mm. He was discharged home to await the decision regarding his suitability for TAVI. 



Learning point Preoperative risk evaluation for valvular heart surgery 



Multivariate scoring systems such as the European Euroscore [7] (available from: www.euroscore.org) and the US-based Society of Thoracic Surgeons (STS) score [8] 
(available from: www.sts.org/sections/stsnationaldatabase/riskcalculator/) are based on cardiac and non-cardiac risk factors. They have been well validated in cardiac 
surgery, but have limitations in their predictive accuracy when assessing valvular heart disease in the elderly. This may be, in part, due to the fact that these high-risk 
groups were under-repres ented in the populations from which the scores were derived. At present, an expected mortality of >20% on the logistic Euroscore and >10% 
with the STS score is deemed high-risk fa surgery [9], The current and most logical approach to risk evaluation is to use a combination of these scaing systems in 
conjunction with sound clinical judgement. 




PRINTED FROM OXFORD MEDICINE ONLINE (www.oxfordmedicine.com). (c) Oxford University Press, 2013. All Rights Reserved. Under the terms 
of the licence agreement, an individual user may print out a PDF of a single chapter of a title in Oxford Medicine Online for personal use (for details see 
Privacy Policy) . Subscriber: OUP- Oxford Online %28Sales%26 Publicity%29; date: 14 April 2014 



Symptomatic aortic stenosis: new horizons in management 




Figure 6.6 

CoreValve® Trans-catheter Heart Valve (courtesy of Medtronic, Inc). 



Current technology limits TAVI to those with an aortic annulus size £27 mm and if a transfemoral approach is planned, then a minimum calibre of 6 mm (if using the 
Edwards Sapien XT™) for the peripheral vessels is required [11], Other contraindications include bicuspid valves (due to a significant risk of incomplete valve 
deployment), close proximity of coronary arteries that may be compromised during the procedure, and the presence of LV thrombus [9]. 

Potential complications for TAVI include paravalvular aortic regurgitation (AR), stroke, need for pacemaker implantation (secondary to compression of the adjacent 
atrioventricular node and conduction tissue during stent deployment), and vascular problems. Complication rates vary according to which route is taken, but in general, 
have declined significantly as centres ascend the learning curve of early procedures alongside numerous technical refinements. Mild to moderate AR post-procedurally is 
not uncommon, but meticulous attention to valve positioning and sizing the prosthesis dimensions to the aortic annulus has reduced the incidence of severe AR down to 
less than 5%. Reported stroke rates are less than 6% whilst the rate of pacemaker implantation is between 5-10%. Vascular complications have remained high until 
recently, with reports showing a decline from 10-15% to 5-10% [12]. 



A month later, the patient's TAVI work-up data were discussed at an MDT meeting. Of the two devices that have been CE-marked, this particular centre was using the 
Edwards SAPIEN™ valve which is currently available in 23 and 26 mm sizes (suitable for annular sizes of 18-21 and 22-25 mm, respectively). The patient's aortic annulus 
at 29 mm was too large for both commercially available devices at that point in time, rendering him unsuitable for TAVI. After a lengthy discussion, it was felt he should be 
referred to a different cardiothoracic surgeon for conventional AVR. He was duly accepted tor outpatient review. 

Unfortunately, after discharge the patient had a number of local hospital admissions, including an intensive care admission secondary to a chest infection complicated by fast 
AF. This had resulted in a degree of congestive cardiac failure which was attributed to his AS as his LV systolic tunction remained preserved on repeat TTE. He was treated 
with intravenous diuretics, antibiotics, and amiodarone and made a satisfactory recovery, allowing discharge home. It was clear, however, that his aortic valve required prompt 
intervention and the cardiothoracic surgeons were informed of his admissions. They advised against operating immediately after an ‘acute event 1 as this would increase the 
patient's peri-operative mortality, but they offered to expedite his outpatient date. 

Two months after discharge from his initial TAVI work-up, he underwent successful AVR with a 29 mm Perimount tissue aortic valve prosthesis, followed by an uneventful 
post-operative period. He was transferred back to his local hospital for rehabilitation on day 5 and eventually discharged home. At his 6-month follow-up appointment, he was 
making excellent progress. 



Qx p« 



Risk assessment tor aortic valve surgery is difficult. The logistic Euroscore has traditionally been used, but is widely believed to overestimate risk, especially at the higher 
values. Nonetheless, a logistic Euroscore of >20% is considered to be high-risk and is one of the criteria which allows patients to be considered for ‘on label' TAVI. Over 
and above this, the decision regarding the best therapy for a high-risk patient should be made by an MDT, made up of cardiothoracic surgeons, interventional 
cardiologists, imaging specialists, cardiac anaesthetists, and elderly medicine specialists. One important aspect of this assessment that is not captured in the logistic 
Euroscore is the frailty of the patient. Certain ‘scoring systems' are available for this, but often this comes dcwn to clinical judgement, ft is important to realize that although 
the results of surgical AVR in octogenarians are excellent, these are carefully selected patients, often with low Euroscores. In general, this is not the type of patient who 
would be considered tor TAVI. There are also other considerations when deciding between high-risk aortic surgery and TAVI, other than 30-day mortality. One must 
consider the recovery period, length of stay, and utilization of high-cast hospital facilities such as the intensive care unit and the need for renal replacement therapy. These 
are often lower in the TAVI patient. 






Clinical tip TAVI work-up 



• Accurate measurement of the aortic annulus is critical to allow the correct sizing of the valve. This reduces the likelihood of paravalvular leaks occurring and 
attenuates the risk of migration of the prosthesis post-deployment. 

• Multi-slice CT is currently the best method to assess the aortic root and left ventricle, in addition to identifying calcification and tortuosity of the vascular path from th 
aorta to femoral arteries. 

• TOE is the current gold standard for measuring the aortic annulus size. 
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There are currently two commercially available devices for TAVI, the Edwards SAPIEN™ balloon-expandable valve and the Medtronic CoreValve® self-expanding device. 
The latest Edwards device is the Sapien XT™, which utilizes an 18/19 French delivery sheath. The 30-day and 1-year data for the two devices are very similar, other 
than an increased permanent pacemaker requirement for the CoreValve®. 






Discussion 

Symptomatic severe AS is a fatal condition if left untreated. In developed countries, the prevalence of the condition mirrors the ageing population. No form of medical treatment 
has been shown to be beneficial in these patients as it is a mechanical obstruction to LV outflow and hence requires a mechanical solution. To this day, surgical AVR under 
cardiopulmonary bypass remains the gold standard and can return the patient's life expectancy to that of an unselected population [2], 

Recent innovative percutaneous methods such as TAVI have shown promising short-term (2-year) results in high-risk patients turned down for conventional surgery. This is an 
emerging therapeutic field, and techniques and technologies for TAVI are evolving rapidly with newer, smaller devices designed to ease positioning. 

As these advances strive to improve the safety and widen the applicability of the procedure, what is now needed is robust, randomized controlled trial data, comparing TAVI 
with conventional AVR. This is crucial to assess its safety, efficacy, durability, and its long-term clinical outcomes. The first of such trials, the PARTNER US (Placement of 
Aortic Trans-catheter Valves) trial [13,14] has published favourable results for TAVI (see Landmark Trial at end of case). An additional future role tor TAVI may be the concept 
of implanting percutaneous valves into failing aortic bioprastheses (‘valve-within-valve technique'). Of course, this represents a much smaller target population for the 
procedure, but it could end the traditional practice of implanting metallic aortic valves in younger patients. This would have the advantage of eliminating the attendant risks of 
anticoagulation and thrombosis with mechanical valves, but the caveat would be that one or more TAVI procedures would be required in a patient's lifetime as a consequence 
of degeneration of their bioprosthesis. 

If the results of other feture trials are favourable, percutaneous methods could revolutionize the treatment of haemodynamically significant and symptomatic AS. The treatment 
could potentially be applied to lower risk groups, and ultimately, may have the potential to supersede traditional open-heart surgery. 
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Expert commentary by Professor Petros Nihoyannopoulos 

Case history 

A 76-year-dd man was under annual cardiology follow-up for mitral regurgitation (MR). This had been diagnosed five years previously, when a murmur was detected 
incidentally at preoperative assessment for a routine urological procedure. He had no cardiac symptoms. On initial transthoracic echocardiography (TTE), the MR was 
classified as moderate with prolapse of the posterior mitral valve leaflet (PMVL). Both left ventricular (LV) function and dimensions were normal. 



Learning point Aetiology of MR 

MR is now the second most common valve lesion after aortic stenosis (AS). 

• Organic MR (leaflet abnormalities are the primary cause of the disease): 

• Degenerative; 

• Mitral valve prolapse; 

• Rheumatic valve disease; 

• Infective endocarditis; 

• Collagen vascular disorders. 

• Ischaemic MR: 

• Acute due to papillary muscle rupture; 

• Chronic due to restriction of leaflet motion. 

• Functional MR (failure of leaflet coaptation due to LV dilatation): 

• Cardiomyopathy; 

• Ischaemic heart disease. 



At his latest clinic visit, the patient remained asymptomatic. He had recently had a TTE, but the acoustic windows were of suboptimal quality, making the visual assessment of 
the MR difficult and no quantitative measurements were possible. In the parasternal long axis (PLAX) view, however, a significant jet of MR on colour Doppler was detected. 

LV function and dimensions had remained within normal limits with no significant change from the previous scan. Right ventricular (RV) function was impaired with a reduced 
tricuspid annular plane systolic excursion (TAPSE) of 10 mm. 
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• Using these criteria, the prevalence is 2.4% (1.3% classic, 1.1% non-classic) [1], 



*NL V ~ . • 


a\ 


Clinical tip Serial follow-up of asymptomatic MR 





The aim of serial follow-up is to assess subjectively for changes in symptomatic status, and objectively for changes in cardiac function, which may be present in the 
absence of symptoms. 

European Society of Cardiology (ESC) guidelines [2] 

• Moderate MR and preserved LV function: yearly clinical review with 2-yearly echocardiography; 

• Severe MR and preserved LV function: 6-monthly clinical review and yearly echocardiography. 

American College of Cardiology/American Heart Association (ACC/AHA) guidelines [3] 

• Moderate MR: yearly clinical and echocardiographic evaluation; 

• Severe MR: 6- to 12-monthly clinical and echocardiographic evaluation. 



Expert comment 



MR may remain asymptomatic for a long time as the left ventricle undergoes remodelling to accommodate the extra blood volume. An early indicator of LV volume overload 
is a hyperdynamic left ventricle; this can be confirmed if the fractional shortening is above 40%. 

Discriminating between those patients who are truly asymptomatic and those who are actually symptomatic, but have adapted their lifestyle subconsciously to remain 
‘asymptomatic’, is difficult. It requires a careful clinical examination, noting objective clinical signs (e.g. paroxysmal atrial fibrillation, pulmonary hypertension) and 
ultimately, requires good clinical judgement. 
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• Tricuspid regurgitation continuous-wave Doppler for estimation of pulmonary artery pressure; 

• Pulmonary vein pulsed-wave Doppler looking for systolic flow reversal; 

• Quantitative measurements (explained in more detail later in the case): 

• Proximal isovelocity surface area (PISA) radius; 

• Effective regurgitant orifice (ERO) area; 

• Regurgitant volume; 

• Regurgitant fraction. 



0 Clinical tip Pitfalls in echocardiographic assessment of MR 

Machine settings 

Remember that Doppler gain, pulse repetition frequency, and machine settings influence the size of the regurgitant colour jet. 

Coanda effect 

The Coanda effect is a hydrodynamic phenomenon where a jet which flows near a surface has reduced expansion due to adherence to that surface. Therefore, eccentric 
jets directed along the LA wall may often appear narrow with a small area on two-dimensional (2D) imaging. This is particularly common in MR associated with single 
leaflet prolapse and may lead to an underestimation of the severity of the MR if multiple parameters are not measured. 

Left ventricular ejection fraction (LVEF) 

In severe MR, a large volume of blood is being ejected backwards into the left atrium. LVEF is, therefore, often normal and may even be supranormal. This does not 
necessarily mean that the underlying LV systolic fonction is normal. More sophisticated techniques such as strain rate imaging can show that the LV systolic function is 
abnormal in this situation [6], This is not currently part of routine clinical practice; however, it should be remembered that normal LVEF is not necessarily reassuring in the 
context of MR. 





Assessment and management of mitral regurgitation 



In view of the suboptimal TTE images, a TOE was requested, firstly to confirm the severity of the MR and secondly to assess the valve anatomy in detail. The TOE confirmed 
normal LV dimensions and systolic function with prolapse of the PMVL (Carpentier type II) (Figure 7.3), and anteriorly directed MR (Figure 7.4). 




Prolapse of the posterior mitral valve leaflet (PMVL) on TOE. AMVL = anterior mitral valve leaflet; LA = left atrium; LV = left ventricle; Ao = aorta; AV = aortic valve. 




Figure 7.4 

Eccentric jet of anteriorly directed MR (arrow) due to posterior mitral valve leaflet prolapse on TOE. LA = left atrium; Ao = aorta; LV = left ventricle. 




Ttie TOE images were then further analyzed using three-dimensional (3D) echocardiography techniques. This method can be performed on transthoracic studies, but is 
increasingly being used with TOE. The benefits are 3D visualization of anatomy and manipulation of the 3D data set, allowing 2D slices to be created in any plane. This allows 
a precise localization and an accurate quantification of the prolapsing portion of the leaflet [8]. Additionally, the dynamic 3D colour flow Doppler provides information superior to 
2D imaging regarding regurgitant jet size and direction [9j. In this case, the prolapse was mainly of the P2 segment and was due to primary chord rupture (Figure 7.5). 




Figure 7.5 

3D TOE representation of the mitral valve. From the LA (lower right), there is prolapsing of P2 with red, green, and blue planes marked. Red plane (upper right) transecting A2 
and P2 showing P2 prolapse. Green plane (upper left) transecting posterior leaflet shewing P2 prolapse. Blue plane transecting the valve en-face shewing orifice created by 
prolapsing valve (arrow). Ap = left atrial appendage. 



Quantitative assessment of the MR (Figure 7.6) demonstrated a PISA radius of 1.8 cm with an aliasing velocity of 36.8 cm/s. Continuous-wave Doppler of the MR (not shewn) 
shewed a V max of 624 cm/s, the calculated ERO, therefore, being 1.2 cm 2 . Vena contracta was 0.7 cm. Therefore, MR was classified as severe (Table 7.1). The RV function 
was mildly impaired with no tricuspid regurgitation and hence, an assessment of the pulmonary artery pressure was not possible. 
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